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PREFACE 


The  National  Bureau  of  Standards  is  undertaking  an  experimental 
and  theoretical  investigation  of  the  thermodynamic  properties  of  light- 
element  compounds.  This  research  program  presently  comprises  the 
chemical  elements  lithium,  beryllium,  magnesium,  and  aluminum,  free  and 
in  combination  vith  hydrogen,  oxygen,  fluorine,  and/or  chlorine.  It 
has  as  its  objective  the  securing  of  the  basic  information  ■vdilch  is 
necessary  to  detennine,  with  an  accuracy  of  one  per  cent  ■vdiere  possible, 
the  energies  emd  equilibrium  proportions  of  these  substances  in  the 
solid,  3JLquid,  and  gaseous  states  in  the  temperature  range  from  0®  to 
6000® K and  the  pressure  range  from  0 to  100  atmospheres. 

The  first  year’s  program  at  NBS  involves  nine  groups — namely,  those 
in  fluorine  calorimetry,  low- temperature  calorimetry,  high- temperature 
calorimetry,  statistical  thermodynamics,  high- temperature  high-pressure 
phenomena,  spectra,  chemical  preparation,  thermochemistry,  and  thermo- 
dynamics of  refractory  substances.  This  program  is  a part  of  a broader 
program  at.  the  National  Bureau  of  Standards  on  properties  of  materials  at 
high  temperatures  now  required  in  many  technical  and  scientific  fields. 


Vf 

Charles  W.  Beckett,  Chief 
Thermodynamics  Section 
Heat  Division 
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ABSTRACT 


The  National  Bureau  of  Standa2rds  has  "begun  a more  extensive  experi- 
mental and  theoretical  investigation  of  the  thermodynamic  properties  of 
the  elements  Al,  Be^  and  Li^  and  their  compounds  with  H,  0,  F,  and 
Cl  in  the  temperature  range  0°  - 6000°K  and  the  pressure  range  0 - 100 
atmospheres.  The  results  of  a critical  survey  of  the  literature  on  the 
existing  data  are  presented  in  detail.  The  values  that  have  been 
previously  reported  are  discussed  critically  in  most  cases,  recommended 
or  estimated  *l)est”  values  are  tabulated  (together  with  estimates  of 
uncertainty  in  many  cases),  and  references  are  given.  The  properties 
and  number  of  substances  for  "vdiich  values  are  tabulated  are:  Heat 

capacity  and  entropy  at  298.15°K,  28;  heat  content  as  a function  of  tem- 
perature above  298. 15° K,  I8;  molecular  constants,  I6  diatomic  and  19 
polyatomic  molecules;  vapor  pressure  and  heat  of  vaporization,  the  four 
metals  and,  briefly,  the  oxides  of  A1  and  Be;  heat  of  fusion  of  AI2O5; 
standard  heats  of  formation  and/or  dissociation  energies,  approximately 
70.  Tables  of  ideal-gas  thermal  functions  for  these  I6  diatomic  mole- 
ctiles  have  been  computed  eind  are  presented;  tables  for  additional  ideal 
gases  are  to  be  computed  at  a later  date.  The  preparation  of  pure 
samples  suitable  for  accurate  physical  measurements  also  is  discussed  at 
some  length.  In  general,  the  existing  thermodynamic  data  on  these 
compounds  are  found  to  be  fairly  complete  from  0°  to  1000° K,  considerably 
less  complete  from  1000°  to  2000° K,  and  almost  totally  lacking  for  con- 
densed phases  above  2000° K.  Accurate  values  of  the  ideal-gas  thermody- 
namic properties  are  available  for  the  monatomic  and  a few  of  the 
diatomic  gases.  At  present  the  configurations,  force  constants,  and 
dissociation  energies  of  most  of  the  polyatomic  gases  are  highly 
uncertain.  Apart  from  a few  triatomlc  molecules  no  molecular  data  exist. 
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APPENDIX  n 


CHAPTER  I 


PROGRAM  OBJECnVB5>  AMD  SUMMARY  OF  THE 
CURRENT  STATLB3  OP  THE  THERMCDlfMAMrC  DATA 


C.  W.  Beckett  and  T.  B.  Douglas 


As  part  of  its  canprehenslve  program  on  the  properties  of  materials 
over  Hide  ranges  of  ten5>erature  and  pressure,  the  Mational  Bureau  of 
Standazds  is  conducting  an  experimental  and  theoretical  investigation  of 
the  theimodynami  c properties  of  the  oxides,  hydroxides,  hydrides,  fluo- 
rides, chlorides,  and  elemental  species  of  lithium,  beryllium,  magnesium, 
and  aluminum.  This  investigation  has  as  its  goal  the  securing  of  the 
basic  infoimatlon  idiich  is  necessary  to  determine  the  energies  and 
equilibrium  proportions  of  these  substances  in  the  solid,  liquid,  and 
gaseous  states  at  different  pressures  up  to  about  100  atmospheres  and  at 
an  temperatures  of  interest  up  to  6000®K.  Other  substances  or  other 
properties  that  acquire  iiaportance  may  be  included  as  the  program 
progresses. 

Ihe  program  is  composed  of  the  foUovLng  phases: 

(a)  A ccoprehensive,  up-to-date,  and  critical  survey  of  the  3.1 1- 
erature  to  locate  the  pertinent  data  already  existing. 

(b)  A calculation  of  tables  of  values  of  heat,  free  energy,  and 
"equilibrium  constant"  of  formation,  and  of  free-energy  function,  heat- 
content  function,  entropy,  heat  content,  and  heat  capacity,  of  the  above 
substances  as  applicable,  at  temperatures  in  intervals  of  100®  or  less 
up  to  6oOO®K.  These  values  vill  be  interconsi  stent  and  vlll  be  those 
believed  to  be  the  best  available  at  the  time. 

(c)  An  experimentfil  program  yielding  accurate  thermal  data  on 
some  of  these  substances.  Wherever  the  need  is  great  enough,  the  meas- 
urements will  include  heat  capcusities  over  the  temperature  range  of 
aijproximately  llf®  to  l800°K  and  heats  of  reaction. 

(d)  An  investigation  yielding  as  far  as  possible  the  equilibrium 
constants  and  heats  of  formation  of  the  gaseous  species  of  these  sub- 
stances which  are  stable  at  high  temperatures.  This  phase  of  the  work 
will,  where  possible,  include  theoretical  estimations  of  the  fundamental 
molecular  constants  of  the  species  likely  to  exist.  Experimental  studies 
to  measure  the  same  also  will  be  made,  producing  high  temperat\ires  by 
hot  flames  or  rapid  compression  and  measuring  the  abundance  of  gaseous 
species  spectroscopically. 

(e)  Revisions  and  extensions  of  the  tables  of  thermodynamic  func- 
tions as  more  reliable  data  become  available. 
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!Bae  results  to  date  of  -vdiat  is  labeled  above  as  "phase  (a)”  of  the 
program  constitute  the  body  of  this  report.  Each  of  the  next  five 
chapters  covers  one  type  of  thermodynamic  property^  discusses  the  ^ most 
important  values  reported,  and  vhere  possible  states  the  reasons  for 
selecting  for  each  substance  the  "best"  value  given  in  an  accompanying 
table. 

It  has  been  the  aim  to  arrive  at  a set  of  those  interconsi  stent 
basic  data  ■which  are  necessary  and  sufficient  to  compute  the  tables  of 
thermodynamic  properties  described  above  as  **phase  (b) . ” The  peirtici- 
pating  staff  have  examined  sy staaati  cally  xhe  available  literature  of 
abstracts,  repoirts,  compilations,  and  original  papers  too  recent  to  be 
referenced  elseidiere,  as  well  as  all  other  important  original  papers  so 
far  as  time  has  permitted.  The  difficulties  of  arriving  at  reliable 
^T>est"  values,  and  more  particularly,  limits  of  uncertainty,  are  well 
known.  It  should  be  ^phaslzed  that  this  report  should  be  regarded  as 
preliminary  and  incomplete  for  the  following  reasons. 

1.  On  some  subjects  now  being  actively  investigated  in  different 
laboratories,  important  publications  are  continuously  appeetring,  and 
undoubtedly  some  of  those  already  issued  have  escaped  attention. 

2.  In  some  cases  competing  values  have  been  cited  or  referenced 
in  this  report,  but  time  has  thus  far  been  insufficient  for  comparing 
than  critically.  This  is  particularly  true  of  heats  of  formation,  ■which 
in  some  cases  can  be  derived  independently  from  calorimetiy,  equilibrium 
data,  spectroscopic  obseivations,  theoretical  calculations,  or  some  other 
source. 


5.  Sometimes  the  data  appear  so  sketchy  or  lacking  in  precision 
that  it  has  seemed  im'wise  to  recommend  any  'HDest”  value  -without  further 
study  or  experimental  investigation, 

4,  Ideal- gas  functions,  calculated  at  the  Bureau,  are  tabulated 
for  only  a few  substances  at  the  end  of  this  report.  In  succeeding 
months  these  tables  ■will  be  augmented  to  include,  so  far  as  possible,  all 
those  specified  abnve  undei  **phase  (b)”  of  the  program. 

Chapter  VTI  deals  -with  methods  of  chemical  preparation  and  purifica- 
tion of  the  classes  of  substances  involved  in  this  program,  a necessary 
preliminary  to  accurate  measurement  of  their  thermodynamic  and  other 
properties.  Some  substances  present  special  probl^s  in  securing  samples 
■whose  purity  is  high  enough  to  be  consistent  with  the  accuracy  of  the 
measurements.  Also,  the  thermodynamic  properties  of  some  solids  have  no 
exact  meaning  unless  the  crystal  fom  and  size  are  standardized  and 
estab31shed. 

One  of  the  important  purposes  of  the  present  literature  survey  and 
analysis  has  been  to  indicate  -what  substances  and  properties  most  urgently 
need  Investigation  in  future  phases  of  this  program,  in  order  to  fill  the 
gaps  in  existing  knowledge. 
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T3xe  current  status  of  the  theimodynamic  data  on  these  substances  may 
be  conveniently  summarized  vith  reference  to  different  temperature 
ranges-  From  0®  to  1000°K  the  data  are  in  general  rather  complete  and 
fairly  good  for  the  substances  stable  in  this  temperature  range.  Thus 
heats  of  formation  and  heat  contents  have  been  measured  for  most  of  the 
stable  solids  and  liquids,  vlth  a fev  exceptions  such  eis  the  halides  of 
beryllium.  But  the  chemical  instability  of  the  hydrides  and  all  the 
hydroxides  except  IlOH,  as  veil  as  the  lov  volatiilty  of  most  of  the  other 
substances,  has  precluded  accurate  measurement  of  their  vapor  pressures 
and  heats  of  vaporization,  as  veil  as  spectroscopic  observation  of  their 
vapors,  in  this  tea^^erature  range. 

Between  1000®  and  2000 ®K  such  techniques  as  those  of  temperature 
measurement  and  particularly  the  availability  of  suitable  container 
materials  are  less  favorable,  but  still  not  so  formidable  but  that  a 
considerable  number  of  theimodynamic  measurements  on  some  of  these  sub- 
stances has  been  made.  In  this  region  of  higher  temperatures,  however, 
there  are  numerous  cases  of  complete  lack  of  data,  or  else  measurements 
exist  idiose  reliability  is  doubtful  partly  because  only  one  investigator 
has  reported  values.  !Hie  existing  heat- content  data,  for  example,  span 
this  tonperature  range  for  some  refractoiy  substances  (as  >fe0),  but  for 
most  of  the  substances  under  discussion  -vdiich  melt  between  1000®  and 
2000® K (such  as  Be  and  II 2®)  data  do  not  extend  up  to  the  melting 

point  and  the  heat  of  fusion  has  never  been  measiired  directly.  Some 
gas- condensed- state  equilibrium  data  exist  for  all  the  stable  substances, 
and  these  results  give  some  measure  of  .the  effective  heats  of  vaporiza- 
tion, but  in  no  case  except  the  free  metals  is  the  composition  of  the 
gas  phase  known  with  sufficient  accuracy.  A vigorous  attack  on  this 
problem  in  recent  years  by  means  of  physical  measurements  of  the  vapors 
by  such  techniques  as  optical  and  mass  spectrometry  and  moleciilar  beams 
has  indeed  provided  some  semi- quantitative  information,  particularly  on 
the  halides,  but  the  results  have  usually  been  incomplete  or  difficult  to 
inteipret  unambiguously. 

Above  2CXX)®K  there  are  virtually  no  data  on  condensed  states. 

Existing  tables  are  essentially  enpirical  extrapolations  (from  lower 
temperatures)  >diich  are  uncertain  in  most  cases  by  atbout  10^  in  the  heat 
capacity.  The  properties  of  the  gaseous  species  are  quite  accurately 
known  for  the  monatomic  and  for  a few  of  the  diatomic  species.  There 
are  several  deficiencies  in  the  latter,  however.  For  one  thing,  we 
have  very  little  molecular  data  in  some  cases.  In  many  cases,  the  dis- 
sociation energies  are  unceirtain  by  some  10^.  Many  of  the  excited  states 
of  the  molecules  are  unobserved  and  omitted  in  the  conventional 
treatment.  Higher-order  correction  terms  for  the  ground  states  are 
treated  in  an  approximate  way  which  is  fairly  satisfactory  in  view  of  the 
relatively  large  uncertainties  in  other  data  such  as  the  dissociation 
energies. 
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Kumerous  polyatomic  species  have  been  observed  at  lov  pressures 
(approximately  10"°  atm. ) by  vaporization  of  refractory  solids  of 
liquids  into  mass  spectrometers,  and  for  a fev  of  these  molecules  other 
data  are  available  such  as  the  electron-diffraction  and  infrared  spectra. 
But  the  number  of  polyatomic  molecules  for  "which  the  configuration  and 
other  molecular  constants  for  the  ground  state  have  been  established  is 
quite  smaJ.1  relative  to  the  number  of  possibilities  that  may  arise  from 
the  ei^t  elements  under  consideration.  The  excited  sthtes  of  these 
molecules  are  virtually  unknown  and  are  neglected  in  the  statistical 
thermodynamic  calculations. 

As  the  resiilt  of  this  lack  of  data,  the  extrapolation  of  vapor- 
state  properties  from  2000°  to  6000°K  is  quite  uncertain  in  many  cases. 
Moreover,  the  treatments  for  these  different  types  of  molecules  and  dif- 
ferent phases  are  not  consistent.  Hence,  relatively  large  errors  are 
likely  to  Occur  in  the  treatment  of  vapor- liquid  or  vapor- solid  equl- 
ntria  at  temperatures  above  the  current  experimental  range.  Ifcreover, 
as  the  pressure  inci^ases  along  the  saturation  line— frcan  10“°  atm.  at 
2000°  to  1 atm.  at  ^l000°  and  perhaps  to  1000  or  2000  atm,  at  6000°K — 
large  clusters  in  the  vapor  state  may  be  postulated.  For  these  species, 
■v*lch  are  not  molecules  in  the  ordinary  sense  used  by  chemists,  ve  have 
neither  the  experimental  nor  the  theoretical  techniques  required  for 
their  investigation.  Hence  the  extrapolation  of  temperature  by  a factor 
of  two  or  three  and  an  extrapolation  of  vapor  pres-sure  (and  related 
properties)  to  100  atm.  —and  perhaps  beyond  to  1000  atm. , where  a 
critical  region  may  occur — is  still  in  the  realm  of  speculation. 
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CHAPTER  rr 


BEAT  CAPACITY,  EHTRC5PY,  AHO 
HEAT  CONTENT  FOTfCTIQN  AT  298. 15° K 

G.  T.  FunikawSL  and  Jeanette  M.  Henning 


In  the  lov- temperature  heat- capacity  phase  of  this  literature  survey 
the  results  of  original  measurements  helov  about  ^K)0°K  vere  compiled. 

Ihe  data  con^dled  above  298. 15® K were  primarily  for  the  purposes  of 
Joining  smoothly  the  lower  temperature  data  with  those  of  higher  temper- 
ature. Because  of  the  short  time  allocated  for  this  preliminary  compila- 
tion, no  attempt  was  made  to  obtain  smoothed  heat  capacities  at  equally 
sp€uced  Integral  tenperatiires  from  0®  to  298.15®K  from  'vdiich  the  various 
thermal  functions  could  be  evaluated.  Instead,  for  this  preliminary 
summary  report,  the  original  values  of  the  heat  capacity  published  by  the 
various  investigators  were  plotted  on  a scale  sufficiently  large  for 
comparison,  and  the  results  from  the  best  single  experimental  work  in 
which  the  desired  thermal,  properties  had  been  evaluated  were  adopted. 

These  selected  values  of  heat  capacity  and  entropy  were  conpared  with 
compilations  given  in  the  Bureau  of  jdnes  Bulletin  kjj  [K.  K.  Kelley, 
Contributions  to  the  Data  on  Theoretical  Metallurgy.  XI.  Entropies  of 
Inorganic  Substances.  Revision  (19^)  of  Data  and  Methods  of  Calculation, 
1950]  and  National  Bureau  of  Standards  Circular  500  [F.  D.  Rossini, 

D.  D.  Wagman,  W.  H.  Evans,  S.  Levine,  and  I.  Jaffe;  Selected  Values  of 
Chemical  Thermodynamic  Properties,  February,  1952].  In  those  instances 
•vdiere  the  investigator  did  not  evaluate  the  entropy  from  the  heat- capacity 
data,  the  adopted  value  was  that  taken  from  the  above  compilations. 

Generally,  when  the  experimental  data  are  reliable,  the  separate 
re-evaluations  in  the  above  compilations  do  not  show  significant  varia- 
tions from  the  thermal  functions  computed  by  the  original  investigator 
from  his  measuronents.  On  those  substances  on  which  the  available  data 
were  not  of  high  acciiracy,  there  are  only  a few  cases  in  which  the 
entropies  at  298. 15° K given  in  the  two  compilations  differ  significantly, 
^e  tabulated  values  of  the  heat  capacity,  on  the  other  hand,  have  been 
found  to  differ  considerably  in  many  of  these  cases. 

Some  of  the  substeinces  of  interest  have  been  investigated  for  the 
first  time  since  the  pub3J.cation  of  the  above-mentioned  conpilations. 
Because  low^- temperature  heat-capacity  measuring  techniques  have  been 
highly  refined,  the  results  of  new  investigations  in  which  theimal  prop- 
erties were  derived  have  been  accepted  with  good  confidence. 


In  this  compilation,  the  substances  of  interest  have  been  separated 
into  four  groups — those  containing  aluminum,  beryllium,  magnesium,  and 
lithiimi.  Substances  containing  tvo  of.  these  metallic  elements  have  been 
placed  in  the  more  basic  group.  All  selected  values  of  the  heat  cai>acity 
and  entropy  are  given  for  the  condensed  phase  in  defined  calories 
(4.18^40  abs  j = 1 defined  calorie)  per  degree  per  gram  formula  maas  at  1 
atm  pressure  and  298. 15® K.  Enthalpy  functions  are  given  -whenever  avail- 
able. All  temperatures  are  in  degrees  Kelvin  unless  otherwise  indicated. 

The  substances  of  each  group  are  discussed  separa-tely  after  listing 
the  low- temperature  heat-capacity  measurements  in  chronological  order, 
•with  reference  and  the  tempera-ture  range  of  each  investigation.  The 
chemical  and  physical  nature  of  the  material,  -wherever  known  is  given 
along  -with  the  source  of  the  adopted  values.  These  values  are  compeLred 
•with  those  given  in  earlier  con^ilations.  Tables  of  the  adopted  thermal 
properties  follov  the  discussion  of  each  elemental  group.  References 
given  in  the  tables  are  those  from  -v^ich  the  values  of  thermal  properties 
have  been  adopted.  Estimates  of  the  accuracy  are  given  -v^erever  possible. 
A list  of  references  arranged  in  alphabetical  order  is  given  at  -the  end 
of  each  section. 
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A.  Aluminum  and  Its  Ccarpounds 


1.  Aluminum,  A1 

Low- temperature  measurements  of  the  heat  capacity  of  eJ-umlnum  have 
been  published  by  Nemst  [12]  (52®  to  88®),  Nemst  and  Schwers  [13] 

(19°  to  79°),  Griffiths  and  Griffiths  [3,4]  (158®  to  371°),  Maier  and 
Anderson  [10}  [54°  to  296®),  Kok  and  Keesom  [9]  (l°  to  20®),  and  Glauque 
and  Meads  [2]  (15°  to  302°).  The  values  of  heat  capacity,  entropy,  Eind 
heat- content  function  were  adopted  from  those  obtained  by  Giauque  and 
Meads  [2]  on  single- crystal  aluminum  of  99*944  per  cent  purity.  The 
values  given  in  Kelley  [6],  Stull  and  Sinke  [I8],  and  NBS  C-500  [I5]  are 
the  same  as  those  adopted. 


2.  Aluminum  hydride,  (AIH,) 

■ ■ .I... — .......I  . ■ I .11  p X 

No  low- temperature  heat- capacity  data  have  been  found  on  this 
substance. 

3.  Aluminum  Oxide, 


Parks  and  Kelley  [l4]  (91°  to  291°);  Simon  and  Swain  [I7]  (30°  to 
280°);  Kerr,  Johnston,  end  Hallett  [7]  (20°  to  295°);  Purukawa,  Douglas, 
McCoskey,  and  Ginnings  [1]  (13°  to  II70®);  and  Morrison  and  Patterson 
[11]  (78°  to  270°)  have  published  results  of  low- temperature  measurements 
on  sapphire  (oc  - Al2C3)«  The  measurements  by  Parks  eind  Kelley  were  on 
natureil  sapphire,  \diile  the  others  were  on  synthetic  materials.  The 
values  of  heat  capacity,  entropy,  and  heat- content  function  were  adopted 
from  those  tabulated  by  Furukawa,  Douglas,  McCoskey,  eind  Ginnings  [1], 
Kelley  [6]  gives  for  the  heat  capacity  and  entropy  I8.9O  cal/deg  mole 
and  12.5  e.u. , respectively,  while  NBS  C-500  [I5]  gives  I8.88  cal/deg  mole 
and  12.186  e.u.,  respectively,  'vdiich  are  the  same  as  those  adopted  in 
this  compilation. 

4.  Aluminum  Oxide  M^nohydrate,  AI2O5  * 598  (Bohmlte?) 

Shomate  and  Cook  [I6]  (52°  to  296®)  determined  the  heat  capacity  of 
a sample  prepared  by  heating  the  trihydrate,  AI2O5  • 3H2O,  at  220°  C for 
three  days.  They  found  the  sample  to  contain  100.12  per  cent  of  the 
theoretical  AI2O5  and,  from  X-ray  examinations,  to  be  similar  in  structure 
to  beiyerite  ( p - AI2O5  • 3H2O) . Their  published  values  of  heat  capacity 
and  entropy  have  been  adopted.  Kelley  [6]  and  NBS  C-500  [I5]  give  the 
same  values  for  these  properties. 


5.  Aluminuin  Oxide  Trihydrate,  AI2O5  • 3H2O  (Gibbsite) 


Shomate  and  Cook  [I6]  (52°  to  297°)  measured  the  heat  capacity  of  a ' 
sample  prepared  by  dissolving  aluminum  wire  in  potassium  hydroxide.  They 
found  the  material  to  have  100.41  per  cent  of  the  theoretical  AI2O5  and, 
from  X-ray  examinations,  to  have  the  structure  of  gibbsite  (oC-Al2(^  • 3H2O). 
Their  published  values  of  heat  capacity  and  entropy  have  been  adopted. 

Kelley  [6]  and  NBS  0500  [I5]  give  the  same  values. 

6.  Aluminum  Fluoride,  AIF3 

Heat-capacity  measurements  have  been  reported  by  King  [8]  (53°  to  296°) 
on  a sample  prepared  by  vacuum  sublimation  and  analyzed  to  have  99*97  per 
cent  of  the  theoretical  aluminum.  Their  values  of  the  heat  capacity  and 
entropy  have  been  adopted,  Kelley  [6]  does  not  give  values  of  these  proj)- 
erties  for  this  substance.  KBS  C-500  [I5]  lists  a considerably  higher 
value  of  entropy  calculated  from  heat  and  free  energy  of  formation. 

7.  Aluminum  Chloride,  AICI5 


No  low-temperature  heat- capacity  data  have  been  found  on  this  sub- 
stance. KBS  C-500  [15]  lists  21.3  and  40  cal/deg  mole  for  heat  capacity 
and  entropy,  respectively.  Kelley  [5[  gives  an  equation  -vdiich  yields 
21.6  ±0.4  cal/deg  mole  for  the  heat  capacity.  The  values  given  in  KBS 
C-500  [15]  were  tentatively  adopted. 

8.  Aluminum  Qxyfluorlde,  AlOF 

Ko  low-temperature  heat- capacity  data  were  found  on  this  substance. 

9.  Aluminum  Oxychloride,  AlOCl 

No  low- temperature  heat- capacity  data  were  found  On  this  substance. 
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Heat  Capacity,  Entropy,  and  Heat  Content  Function  of  Aluminum  and  Its 
Compounds  at  298. 15° K 


Chemical 

Formula 

Gram 

Formula 

Mass 

c° 

p 

cal/deg  mole 

s° 

cal/deg  mole 

^298.15°K  ■ Vk 

Refer- 

ences 

298.15 

cal/deg  mole 

A1 

26.98 

5.82  + 0.02 

6.77  ± 0.02 

3.67  + 0.01 

2 

(50.00^^)x 

— 

— 

— 

— 

101.96 

18.88  ± 0.02 

12.18  ± 0102 

8.051  + 0.010 

1 

AlgO^  • H2O 

119.976 

51.4  ± o.r 

25.2  ± 0.2 

— 

16 

AX^0‘3E^0 

156.008 

44.5  ±0.2 

33.5  ± 0.2 

— 

16 

AH', 

5 

85.98 

17.95  ± 0.05 

15.9  1 0.1 

— 

8 

AlCl. 

j 

135.551 

21.3  ± 0.4 

40. 

— 

15 

AlOF 

, 61.98 

— 

— 

— 

— 

AlOCl 

78.lt37 

— 

— 

— 

— 
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B.  BerylJ.iiuii  and  Its  Compounds 


1.  Beryllium^  Be 


Measurements  of  the  lov- temperature  heat  capacity  have  been  reported 
by  Simon  and  Ruhemann  [10]  (71°  to  79°)^  Levis  [7]  (97°  to  Cristescu 

and  Simon  [1]  (10°  to  500®),  and  Hill  and  Smith  [if]  (4®  to  500®).  The 
values  obtained  on  a sample  of  99*5  per  cent  purity  by  Hill  and  Smith  [4], 
\diich  are  fairly  continuous  with  the  high- temperature  measurements  by 
Ginnings,  Douglas,  and  Ball  [2]  (O®  to  900® C),  have  been  adopted.  Because 
of  compensating  differences,  the  entropy  given  by  Kelley  [6]  and  NBS 
C-500  [9]  based  on  measurements  before  those  of  Hill  and.  Smith  [4]  is  the 
same  as  that  adopted.  The  heat- capacity  and  entropy  values  given  in  Stull 
and  Sinke  [11]  are  the  same  as  those  adopted  in  this  compilation. 


2.  Beryllium  Hydride,  (BeHg)^ 


No  heat- capacity  data  have  been  found  for  this  substance. 

5.  Beryllium  Oxide,  BeO 

Heat-capacity  measurements  made  by  Gunther  [2]  (76®  to  85°)  and 
Kelley  [5]  (55°  to  292°)  differ  widely.  The  values  reported  by  Kelley  [5] 
on  a sample  of  99*6  per  cent  purity  have  been  adopted.  The  values  given 
in  Kelley  [6]  and  in  NBS  C-500  [9]  are  the  same  as  those  adopted. 

4.  Beryllium  ^droxide,  Be(0H)2 


No  heat- capacity  data  have  been  found. 


5.  Beryllium  Fluoride,  BeF2 


No  heat- capacity  data  have  been  found. 

6.  Beryllium  Chloride,  BeCl2 


No  heat- capacity  data  have  been  found. 

7.  Beryllium  Aluminate,  Be(A10g)2 

No  low- temperature  heat-capacity  data  have  been  found  on  this  sub 
stance.  Nilson  and  Pettersson  [8]  determined  the  mean  heat  capacity 
between  0°  and  100° C.  This  value  is  given  in  this  tabulation.  NBS 
C-500  [9]  lists  25  cal/deg  mole  for  the  heat- capacity  at  298.l6°K. 
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leat  Capacity^  Eat  ropy  ^ and  Heat  Content  Function  of  Beryllium  and  Its 
Congjounds  at  298. 15® K 


Chemical 

Fomula 

Gram 

po 

s° 

^298. 15° K ■ ®0°K 

Refer- 

ences 

Fomula 

Mass 

cal/deg  mole 

cal/deg  mole 

29B.I5 

cal/deg  mole 

Be 

9.015 

5.95  ± 0,05 

2.28  ± 0.02 

1.570  ± 0.005 

k 

(BeHo) 

X 

(n.029)x 

— 



--- 

BeO 

25.015 

6.07  ± 0.05 

5.57  ± 0.05 

— 

5 

Be(0H)2 

U5.029 

— 

— 

— 

— 

BeFg 

l^7.015 

— 

- — 

Becig 

79.927 

— 



80(^102)2 

126.975 

25.4 

(mean  0°  to 

100° c) 

8 
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C.  ^fogneslum  and  Its  Compounds 


1.  >§agnesium^  Mg 

Low- temperature  measurements  of  the  heat  capacity  have  been  reported 
by  Nemst  and  Schwers  [12]  (27°  to  9^°)>  Eastman  and  Rodebush  [5]  (75® 
to  289°);  Cluslus  and  Vaughen  [1]  (ll®  to  228® ) ; Estermann,  Friedberg,  and 
Goldman  [4]  (l.8®to  4.2®);  Craig,  Krier,  Coffer,  Bates,  and  Wallace  [2] 

(12®  to  320®);  and  Logan,  Clement,  and  Jeffers  [11]  (3°  to  13°).  The 
values  published  by  Craig,  Krier,  Coffer,  Bates,  and  Wallace  [2]  on  a 
sample  of  99*9  por  cent  purity  were  adopted  after  correcting  by  a factor 
l,004l.  (Private  communication  from  Professor  R.  S.  Craig).  The  values  of 
entropy  based  on  earlier  measurements  given  in  Kelley  [7]  and  NBS  C-500  [l4] 
do  not  differ  significantly  from  the  new  value;  the  heat  capacities,  how- 
ever, differ  considerably.  Stull  and  Sinke  [I6],  give  the  same  values  as 
those  adopted  in  this  compilation. 


2.  Ifegnesium  E^ndrlde, 


Stull  and  colleagues  [I5]  (25°  to  300°)  determined  the  heat  caj)acity 
of  a sample  containing  approximately  seven  per  cent  free  magnesium  metal. 
Their  values  of  heat  capacity  and  entropy  have  been  adopted. 

3.  Magnesium  Oxide,  MgO 

Gunther  [6]  (21®  to  83°),  Parks  and  Kelley  [I3]  (94°  to  291°),  and 
Giauque  and  Archibald  [5]  (20°  to  301°)  measured  the  heat  capacity.  The 
former  two  groups  of  investigators  measured  fused  samples,  while  the  latter 
group  investigated  finely  divided  li^gO  prepared  by  dehydrating  Mg (OH)  2 • 

The  entropies  of  the  substence  in  the  two  physical  states  differ  consid- 
erably. Separate  values  of  the  heat  capacity  and  entropy  have  been  adopted 
for  micro-  and  macro- crystalline  states.  Kelley  [7]  gives  an  average 
entropy  of  the  two  physical  states;  the  heat  capacity  is  that  obtained  by 
Giauque  and  Archibald  [5].  NBS  C-500  [l4]  gives  the  same  separate  values 
as  those  given  in  this  compilation. 

4.  Magnesium  Bydroxlde,  1^(0H)2 


Giauque  and  Archibald  [5]  (22°  to  321°)  measured  the  heat  capacity 
of  Mg(0H)2  crystals  (average  diameter  of  0.2  mm)  prepared  by  treating 
magnesium  chloride  solution  with  potassium  hydroxide.  Their  values  for 
the  heat  capacity  and  entropy  were  adopted.  Kelley  [7]  and  IJBS  C-500  [l4] 
give  the  same  vsilues. 
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5.  Itegnesium  Fluoride,  }feF2 


Todd  [17]  (5^°  to  297*")  measured  the  heat  capacity  of  a sample  pre- 
pared hy  treating  MgO  with  hydrofluoric  aoid  HF)  and  by  drying  at 

k)0®C.  The  material  was  found  to  contain  99*87  cent  of  theoretical 
magnesium.  Veilues  of  heat  capacity  and  entropy  reported  by  Todd  [I5]  were 
adopted.  Kelley  [7l  and  NBS  C-500  [l4]  give  the  same  veilues. 

6.  Magnesium  Chloride,  MgClg 


Kelley  and  Moore  [8]  (53°  to  293°)  measured  the  heat  capacity  of  a 
sample  prepared  by  treating  magnesiumr ammonium  chloride  hexahydrate  with 
dry  HCl  up  to  temperatures  of  600®C.  The  analysis  of  the  product  was 
100.78  and  99*72  per  cent  of  the  theoretical  magnesium  and  chlorine, 
respectively,  MgO  was  estimated  to  be  present  to  the  extent  of  0.2  per 
cent.  Corrections  had  been  applied  for  this  in  the  heat- capacity  results. 
The  values  of  heat  capacity  and  entropy  reported  by  Ke3J.ey  and  MDore  [8] 
were  adopted.  Kelley  [7]  and  NBS  C-500  [1^1  give  the  same  values. 

7.  Magnesium  Chloride  Mbnohydrate,  MgCl2  • H2O 


Kelley  and  Moore  [9]  (53°  to  298®)  measured  the  heat  capacity  of 
monohydrate  of  MgCl2  prepared  by  heating  for  I6  hours  at  120®  to  li|0®‘C  a 
degassed  and  sealed  stoichiometric  mixture  of  dehydrated  and  anhydrous 
magnesium  chloride.  The  material  contained  100.47  and  99*71  per  cent  of 
the  theoretical  Mg  and  Cl,  respectively.  !Bie  MgO  content  was  estimated  to 
be  0.l4  per  cent.  The  values  of  heat  capacity  and  entropy  found  by  Kelley 
and  M3ore  '[9]  have  been  adopted.  Keldey  [7]  and  NBS  C-500  [l4]  give  the 
same  values. 

8.  Magnesium  Chloride  Dihydrate,  VSgCl2  • 2H2O 


Kelley  and  MDore  [9]  (54°  to  295°)  determined  the  heat  capacity  of 
magnesium  chloride- dihydrate  prepared  by  dehydrating  a previously  prepared 
sample  of  tetrahydrate  in  a stream  of  dry  HCl  at  I70®  to  220® . Vhen  the 

sample  was  found  on  analysis  to  be  slightly  deficient  in  water,  it  was 

degassed  and  sealed  with  a necessary  amount  of  water  and  "aged”  by  heating 
at  about  103° C f‘or  seven  hours.  The  product  was  found  to  have  100.49  and 
100.02  per  cent  of  the  theoretical  Mg  and  Cl,  respectively.  TSie  values 
of  heat  capacity  and  entropy  found  by  Kelley  and  Moore  [9]  have  been 

adopted.  Kelley  [7]  and  NBS  C-500  [l4]  give  the  same* values. 

9.  Magnesium  Chloride  Tetrahydrate,  MgClg  • 4H20 

Kelley  and  Moore  [9]  (54°  to  296®)  measured  the  heat  capacity  of  the 
tetrahydrate  of  MgCl2  prepared  by  heating  the  hexahydrate  in  air  in  an  oven 
at  100®  to  103° C for  six  days,  ^e  product  was  found  to  be  100.48  and 


-15- 


100*00  per  cent  of  the  thehretlcal  Hg  and  Cl^  respectively.  The  values 
of  heat  capacity  and  entropy  adopted  from  the  work  of  Kelley  and  Moore  [9] 
are  the  same  as  those  given  in  Kelley  [7]  and  0^500  [l4].^ 


• 6Ho0 


Kelley  and  Moore  [9]  (5^®  to  296®)  measured  liie  heat  capacity  of  the 
hexahydrate  of  magnesium  chloride  prepared  from  a reagent-grade  material. 
The  excess  water  that  was  present  was  removed  hy  storing  over  80  per  cent 
sulfuric  acid  at  rocaa  temperature  for  seven  days.  The  product  was  found 
to  contain  100.75  and  99*60  per  cent  of  the  theoretical  Hg  and  Cl,  respec- 
tively. The  values  of  heat  capacity  and  entropy  adopted  from  the  work  of 
Kelley  and  Moore  [9]  are  the  same  as  those  given  in  Kelley  [7]  and  KBS 
C-500  [14] . 

11>  Jfegnesium  gydroxy  Chloride,  Mfe(0H)Cl 

Ko  low- temperature  heat- capacity  data  have  been  found.  The  value  of 
entro3py  was  adopted  from  that  given  in  KBS  C-500  [l4]  which  was  calculated 
from  heat  and  free  energy  of  foimation. 


12*  Magnesium  Aluminate,  MigO  . Al20^ 

King  [10]  (55°  to  296°)  measured  the  heat  capacity  of  MgO.  AL2O5, 
prepared  by  heating  for  periods  totaling  15  hours  at  1^1^®  to  1500®C,  a 
stoichiometric  mixture  of  reagent-grade  magnesia  and  pure  hydrated  alumina. 
The  analysis  of  the  product  showed  99*94  and  99 *9^  per  cent  theoretical 
AXgCk  and  WgO,  respectively.  Values  of  heat  capacity  and  entropy  were 
adopted  from  the  work  of  King  [10].  Kelley  [7]  and  KBS  C-500  [l4]  do  not 
list  any  values  for  these  properties  of  this  substance. 


-16- 


Heat  Capacity,  Entropy,  and  Heat  Content  Function  of  Magnesium  and  Its 
Compounds  at  298. 15® K 


Chemical 

Fomula 

Gram 

c® 

p 

s® 

®298.15'K  ■ ®0°K 

Refer- 

ences 

Formula 

Mass 

cal/deg  mole 

cal/deg  mole 

298.15 

cal/deg  mole 

Mg 

24.52 

5.95  ± 0.03 

7.81  ± 0.05 

— 

2 

MgH^ 

26.556 

8.44  + 0.20 

7.49  ± 0.10 

— 

15 

MgO 

40.52 

8.94  ± 0,05 

Macro-crystal 

6.4  ± 0.1 

— 

13 

9.03  ± 0.03 

Micro-crystal 

6.66  ± 0.10 



3 

Hg(0H)2 

58.556 

18. 4l  + 0.04 

15.09  ± 0.05 

— 

5 

MgF2 

62.52 

14.72  ± 0.04 

15.68  ± 0.07 

— 

17 

MgClg 

95. 25*^ 

17.00  ± 0.05 

21.4  ± 0.2 

— 

8 

HgCl2  • H2O 

113.250 

27.52  ± 0.08 

52.8  ± 0.5 

— 

9 

IfeClg  • 2HgO 

151.266 

58.05  ± 0.10 

45.0  ±0.5 

— 

9 

MgClg*  *fH20 

167.298 

57.68  ±0.20 

65.1  ±0.7 



9 

HsClg*  6H2O 

203.330 

75.57  ± 0.40 

87.5  ± 1.0 

— 

9 

Mg(OH)Cl 

76.785 

— 

19.8 

— 

14 

MgO . AlgO^ 

142.280 

27.71  ± 0.08 

19.26  ± 0.10 

— 

10 
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D.  Lithium  and  Its  Ctompounds 


1,  Llthiijm^  Li 


Measurements  of  the  low- temperature  heat  capacity  have  been  pub- 
3J.shed  by  Simon  and  Swain  [20]  (I5®  to  500®)  and  Roberts  [l6]  to 

20®).  The  results  obtained  by  Simon  and  Swain  [20]  do  not  show  continuity 
with  the  more  recent  heat- capacity  values  derived  from  the  heat- content 
measurements  in  the  range  0®  to  900® C by  Douglas,  Epstein,  Dever,  and 
Howland  [8] , At  300®K  the  heat-capacity  value  obtained  by  Simon  and  Swsdn 
is  ^ per  cent  lower  than  that  obtained  by  Douglas  £t  The  values  of 

heat  capacity,  entropy,  and  heat- content  function  adopted  have  been  taken 
from  the  work  of  Douglas,  et  ^ [8]  in  -vdiich  these  values  were  recalculated 
after  adjusting  the  values  of  heat  capacity  obtained  by  Simon  and  Swain  [20]. 
Ihe  values  based  only  on  the  work  by  Simon  and  Swain  [20]  given  in 
Kelley  [13]  and  NBS  C-500  [17]  differ  somewhat  from  those  adopted.  Stull 
and  Sinke  [22]  and  Evans,  Jacobson,  Itoison,  and  Wagman  [9]  give  values 
essentially  the  same  as  those  eidopted  in  this  ccMpilatlon.  Because  of 
relatively  large  uncertainties,  additional  experimental  work  on  this 
substance  may  be  required.  There  are  some  unpublished  measurements  which 
are  not  as  yet  available. 


2.  Lithium  Hydride,  UH 

Gunther  [10]  (7^*"  to  293**)  measured  the  heat  capacity  of  a lithium 
hydride  sample  which  was  apparently  not  ccanpletely  hydrided.  The  meas- 
urements were  clustered  between  7^°  and  91° K and  a single  point  obtained 
at  293° K.  Kelley  [13]  and  NBS  C-500  [17]  give  the  same  values  of  heat 
capacity  and  entropy  based  on  Gunther's  work,  ihe  same  values  have  been 
adopted  tentatively  in  this  compilation.  New  measurements  are  required 
to  2?educe  the  uncertainty. 

3.  Lithium  Oxide,  U2O 


Measurements  of  the  heat  capacity  have  been  reported  by  Johnston  and 
Bauer  [11]  (17®  to  299°)  on  a sample  prepared  by  heating  inirlfied  crystals 
of  UOH  . HgO  up  to  temperatures  as  high  as  1300®C.  On  the  basis  of  hy- 
drochloric acid  titration  and  spectroscopic  einalysis,  the  sample  was  taken 
to  be  99-7^  per  cent  II2O  and  0.26  per  cent  CaO.  The  values  of  the  heat 
capacity  obtained  by  Johnston  and  Bauer  [11]  are  continuous  with  those 
derived  from  the  heat- content  measurements  by  Shomate  and  Cohen  [19].  The 
values  of  heat  capacity,  entropy,  emd  heat  content  function  were  adopted 
from  the  work  of  Johnston  and  Bauer  [11].  Kelley  [I3]  and  NBS  C-500  [I7] 
do  not  list  any  values  for  the  properties  of  this  substance. 
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4.  LlthlTam  gydroxlde^  U.OH 

Bauer^  Johnston^  and  Kerr  [1]  (15**  to  303**)  measured  the  heat 
capacity  of  LI  OH  prepared  from  purified  crystals  of  LiOH  . HoO  by  heating 
at  150®  C in  a stream  of  C02-free  air.  Hydrochloric  acid  tixration 
^owed  the  purity  to  be  99*9  ±0.2  per  cent.  Values  of  heat  capacity, 
entropy,  and  heat  content  function  were  adopted  from  the  work  of  Bauer 
_et  ^ [1],  Kelley  [I3]  and  NBS  C-500  [I7]  list  an  entropy  value  calculated 
from  heat  and  free  energy  of  formation  which  is  approximately  1 e.u. 
higher  than  that  adopted  in  this  compilation. 

3»  Lithium  ^droxide  Monohydrate,  LIOH  . HpO 

Low- temperature  measurements  of  the  heat  capacity  were  made  by  Bauer, 
Johnston,  and  Kerr  [1]  (l5°  to  302®)  on  a sample  purified  by  crystalliza- 
tion from  water.  tChe  excess  water  was  removed  by  desslcatlng  over 
anhydrous  Id  OH,  Hydrochloric- acid  tltfation  showed  the  sample  to  have 
Id  to  H2O  ratio  of  0.9993  ± 0,0027.  The  values  of  heat  capacity,  entropy, 
and  heat-content  function  from  this  work  by  Bauer  et  ^ [1]  were  adopted. 
Kelley  [I3]  does  not  list  values  for  these  properties  of  the  substance. 

NBS  C-500  [17]  lists  a considerably  higher  value  for  the  entropy  calcu- 
lated from  the  heat  and  free  energy  of  formation. 

6,  Idthlum  Fluoride  > IdF 

Measurements  of  the  low- temperature  heat  capacity  of  lithium  fluoride 
have  been  rewrted  by  Clusius  [2]  (18®  to  273**))  Cluslus,  Goldmann,  and 
Perllck  [4]  US*"  to  272®);  Martin  [15]  (2®  to  30®))  Cluslus  and 
Bichenauer  [5]  (lO®  to  111®);  and  Scales  [18]  ( 2 to  7^ ) * The  results  of 
all  of  the  abwe  measurements,  where  tabulated  values  or  equations  of  heat 
capacity  aire  available  for  comparison,  show  good  agreement  and  are  contlnu- 
ouB  with  the  heat- capacity  values  derived  from  the  heat-content  measure- 
ments in  the  range  0®  to  900®C  by  Douglas  pnd  Dever  [7].  values  ot  heat 

capacity  and  entropy  In  this  compilation  have  been  adopted  from  the  work 
by  Douglas  and  Dever  [7]  in  "vdiich  these  values  were  computed  from  the 
measurements  of  Cluslus,.  Goldmann,  and  Perllck  [4].  Kelley  [I3]  gives 
values  somewhat  lower  because  of  Inadvertent  use  of  Cy  values  given  in 
Cluslus  [2].  Tlie  values  given  in  NBS  C-500  [I7]  are  essentially  the  same 
as  those  adopted  in  this  compilation.  The  value  of  entropy  tabulated  by 
Voskrensenskaya,  Sokolov,  Banashek,  and  Schmidt  [23]  is  essentially  the 
same  as  that  adopted,  but  their  heat  capacity  is  somewhat  lower. 

7.  Lithium  Chloride,  Li  Cl 

No  low- temperature  heat- capacity  measurements  have  been  found  on  this 
substance.  Slonim  and  Bittlg  [21]  have  published  mean  heat  capacity 
measurements  (-I88®  to  -TT*C>  -77**  to  -5°C,  and  4°  to  96®  C).  Recently, 
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Douglas  [6]  determined  the  heat  content  relative  to  0®C  of  LiCl  up  to 
900® C and  derived  the  heat  capacity  at  298,15®K  to  he  11.57  cal/deg  sole* 
!Ihl8  value  vas  adopted  for  the  heat  capacity.  Kelley  [12]  gives 
12.0  cal/deg  mole.  Ihe  entropy,  \diich  was  calculated  from  the  heat  and 
free  energy  of  formation,  was  taken  from  Kelley  [I3] . 


8.  ULthlum  Chloride  Monohydrate,  IdCl.  H2O 


No  low  temperature  heat- capacity  data  have  been  found  on  this 
substance.  Slonlm  and  Hiittig  [21]  have  published  mean  heat-capacity 
measurements  (-188°  to  -7T*C,  -77**  to  -3»3*C,  and  6.0°  to  86. 8° c).  The 
veG-ues  of  heat  capacity  eind  entropy  were  Euiopted  from  NBS  0-500  [17]  > in 
•vdilch  the  entropy  was  obtained  from  heat  and  free  energy  of  formation. 

9.  lithium  Aluminum  Hydride,  LiAlH|^ 


No  low  temperature  hedt- capacity  data  have  been  fo\md  on  this 
substance.  Davis,  Mason,  and  Stegeman  [5]  reported  the  specific  heat  at 
25° C to  be  0.48  ± 0.01  cal/deg  gm  (l8.2  t 0.4  cal/deg  mole).  The  same 
value  is  given  in  NBS  C-500  [17]* 


10.  Lithium  Alumlnate,  LLAIO2 


King  [l4]  (52°  to  296°)  measured  the  heat  capacity  of  lithium 
alumlnate  prepared  by  heating  a stoichiometric  mixture  of  reagent- grade 
lithium  carbonate  and  jJure  hydrated  alumina  for  periods  totaling  50  hours 
at  900°  to  1000° C.  Chemical  analysis  of  the  product  showed  100. 03. per 
cent  of  the  theoretical  AI2O5  to  be  present.  Values  of  heat  capacity 
and  entropy  were  adopted  from  the  work  by  King  [l4] . Kelley  [13]  and 
NBS  C-500  [17]  do  not  list  these  properties  for  this  substance. 
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Beat  Capacity^  Satropy>  and  Heat  Content  Function  of  lithium  and 
IxB  COB^xjunds  at  298^15®K 


CheSBlcal 

Fozmila 

Oram 

Fonoula 

IfeLSS 

nO 

s 

cal/deg  mole 

SP 

cal/deg  mole 

®298.15°K  ■ Vk 

Refer* 

encee 

298.15 

cal/deg  mole 

U 

6.91*0 

5.89  ±0.20 

6.78  ± 0.07 

3.66  ± 0.03 

8 

UH 

7.9W 

8.3  i 0.5 

5.9  1 0.5 

13, 17 

UgO 

^.880 

12.93  1 0.03 

9.06  ± 0.05 

5.81  ± 0.02 

11 

ua& 

23.9*16 

11.85  ± 0.03 

10.23  ± 0.05 

5.9**  ± 0.02 

1 

UGH  .HgO 

1*1.961* 

19.00  ± o.oi* 

17-07  ± 0.05 

9.71*  ± 0.03 

1 

UF 

25.91*0 

10.01  ± 0*02 

8.52  ± 0.08 

7 

UCl 

1*2.397 

11.57  ± 0.05 

13.9  ± 0.5 

— 

6,  13 

UCl . HgO 

60.1*13 

23.1* 

21*.  8 

— 

17 

UAlHj^ 

37-952 

18.2  ±0.1* 

— 

5 

UAXOg 

65.920 

16.20  ± 0.05 

12.7  ± 0.1 

— 

Ik 
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CWTSE  III 


HIQB-TEMPEEATURE  HEAT  COTTENT 
T.  B,  Douglas  and  A.  C*  Victor 


This  chapter  is  arranged  into  four  sections  according  to  the  cooipounds 
aluminum^  bexyllium^  magnesium  and  lithium^  respectively*  A critical  dis- 
cussion of  literature  data  is  given  in  each  section,  and  the  heat-content 
data  for  all  compounds  are  tabulated  in  table  1*  The  procedure  followed  is 
to  egress  tte  heat  content  in  the  form  of  the  equation  Ht  - H293  X5  “ 

+ BT^  ♦ CT“^  + D logio  ^ E defined  calories  per  gram-fonnula-weignt  at  T®K 
(1  defined  cal*  ■ 4*1^0  abs*  joules),  and  to  give  the  values  of  these  con- 
stants in  the  table*  In  those  cases  idiere  all  the  constants  except  A are 
given  as  zero,  the  tecq^erature  coefficient  of  the  heat  capacity  is  zero 
within  the  accuracy  of  the  data*  These  equations  are  numbered  in  the  table 
to  permit  reference  to  them  in  the  text  which  follows*  The  formula  wei^t 
Is  based  on  the  International  Atomic  Wei^ts  of  195^*  stated  tempera- 
ture range  in  each  case  is  that  over  vdiich  the  equation  is  considered  to 
give  as  reliable  thermal  values  as  the  data  do- themselves*  In  the  designa- 
tion of  state,  "c”  refers  to  crystalline,  to  liquid,  and^c  + 1"  to  the 
melting  point  and  the  measured  heat,  of  fusion* 

The  estimated  mean  accuracy  given  in  the  last  column  of  table  1 applies 
to  the  heat  extent  relative  to  that  at  29d®K*  Although  s<xxie  attempt  has 
been  made  to  reflect  in  these  uncertciintles  the  probability  of  systematic 
erx^r,  in  many  cases  it  is  clearly  impossible  to  do  more  than  repeat  the 
investigator’s  estimate*  However,  in  the  case  of  every  substance  for  \diich 
a value  of  the  heat  capacity  at  2§3*K  is  represented  in  both  this  chapter 
and  the  preceding  one,  the  two  values  agree  within  the  estimated  uncertainty, 
and  in  most  of  these  cases  the  indicated  variation  of  heat  capacity  with 
tesq^erature  (at  29^K)  also  agrees* 

A.  Aluminum  and  Its  Compounds 

1*  Free  Element*  The  most  recent  data  available  on  A1  were  compiled  by 
Stull  and  Sinks  [1]  and  come  directly  from  the  oguations  given  here,  which 
were  derived  by  Kelley  [2]*  In  the  solid  state  (29S.15*  - 93l*7*E)  equation 
1,  given  in  table  1,  fits  the  data  to  ± 0*5^*  In  the  liquid  region  the  data 
are  represented  up  to  1300*K  within  ± 2^  by  equation  3* 

The  melting  temperature  is  well  established  at  932  1 1*K*  Kelley  [23 
ccnq)iled  a more  specific  value  of  931* 7*E  and  heat  of  fusion  of  2*57  1 0*1 
Eoal/mole*  Eubaschewski  et  al  [33  determined  a heat  of  fusion  of  2*50  db  0*05* 
The  more  recent  determinations  of  Oelson  and  coworkers  [4,53  yield  values  of 
the  heat  of  fusion  of  2*63  ± 0*03  and  2*66  ± O.O5  Kcal/“0le,  respectively* 

The  value  chosen  by  Kelley  seems  to  cover  all  measurements  quite  well* 
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Table  1*  Heat  Content  of  Condensed  Phases  above  293*  K 


VN  <M  CM 

O^NOOHtfNCMOOCMCMCM  h8 


m-  cr\  ttNw^v\»r\»rv 

• • • ••••« 

O H CM  H.O  C^H  O O O O O 


-H  +m  +1  -H  -H  -H  -H  -H  -H  +1  -H  -H  -M  -H  +1  +1  +1  -H  -H  +1  +1  +1  -H  -H  -H  +r 


"s 

I" 

Q 

♦ 

H 


% 


£-1 

B 


u\ 

H 

& ^ 


I 


O 


EH 


W 

o 


O 

"S 


S'S 


U^ 

O 

o 

H 

H 

C^ 

O 

4 

C*N 

O O O CM  o o 


CQ  O Q S 

•O  I *4“  H ^ 

<0  O 

•P 

•P 

8 H c^c:ro  WN  S 

CO  UN-i-tO  f^CMCTvCMWCM 


<nCM  W H H CM  H 


H 

cr\ 


8 


CM  H O Q _ 

to  CM  CM  to  ^ _ 
Os  r*^  o O CM 
CM  OnC^CM  -4H 


On  ^ CM  O^'O  >0 
CM  <M  CM  C^CM  4 -5f 


O+H^  O 

O WWW  ww  o 

O O O O O 


H CM  cr>4  »AnO  C^tO  Jlj  ^ 


M ON 


O Q O 

WN  ^ UN 

4 C*N  nO 

CM  H 


p H 

H-M 

T sO  _ . 

UN  v\tO 
>0  UNUNOn 
<»NH  H CM 


H 

O + H O 
O 


4unvO  C^ 
rM  rH  rM  rH 


C»N 

CM 

On 


i C«N  C^Ntl  i tf)'^ 


O 

o 

UN 

t 

CNCMCMONONONUNUNCTNtoS 
CMC^CJnCMCMCMHH  CMO^On 


nO 

f»N 

UN 

rH 


<?N 


H 

O + H 
O 


H 

O O •!•  H 
O 


rH 

O «f  H 
O 


tqONOrHCM  crN4m>0  C^tO 
rHiHCMCMCMCMCMCM  CMCMCM 


JSC 
W <*N 

O 9 

C«N  C<N  C*N  C»N  C«N  C»N  <*N  <*N 

O O O O O C^J^^hVh  rH  _ 

CM  CM  CM  CM  CMfc  Pk*  O O O 

4 4 4 4 4 4 4 4 4 4 cq  pq  cq  cq 


CM 

S’  ^ CM  CM 

O CM  W CM  rH  rH  rH 
li,  p.  C 


O, 


26 


Table  1.  (cont^d)  Heat  Content  of  Condensed  Phases  above  29S*K 
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(e)  Ecjuatlons  7 &nd  22  do  not  permit  smooth  Joining  of  low  and  high  teoq)erature  Cp  values 

(f)  Heat  of  transition  (727® K)  ■ 150* 


content  of  CX  «>Al20o  has  been  accurately  measured 
at  the  National^  of  Stsildards  161  up  to  1200*K«  The  results  of  this 

work  are  selected  as  the  noal  in^liable  in  this  temperature  range ^ and  are 
rept*esent6d  from  400*  to  120D^K  by  equation  5*  ^ the  teoqperature  range 
from  2$S*15*  to  4^^^  the  chosen  'values  devia'te  from  the  equation*  Adopted 
talues  between  298*15  and  400*K  are  given  in  Table  2*  These  values  and  the 
equation  are  believed  to  be  accurate  to  ± 0*2^* 

Shomate  and  Naylor  C93  measured  the  heat  content  of  AI2O0  up  'to 
1800*K^  and  these  results  are  thosen  to  represent  the  range  from  1200*  to 
1800*K  (eq*  6)*  This  equation  fits  the  NBS  data  to  better  than  ± 0*1^  at 
1000*  ai^  1200*K*  However  an  extrapolation  of  the  NBS  equation  to  1€00*K 
yields  a value  for  heat  content  which  is  0*9^  lower  than  that  obtained  by 
Shafts  and  Naylor*  Other  appareUi^y  reliable  work  on  AI2O3  includes  that 
of  Olette  Margrave  and  Orimley  Shomate  and  Cohen  LlOl,  and  Bodigina 
and  GfomtlsMi  tll]« 

3*  Hydroxidas^  The  only  reported  measurements  on  the  heat  content  of  hydrated 
aluxointm  oxide  were  made  by  Shomate  and  Cook  Cl2]^  %dio  obtained  values  repre- 
sented by  eq*  7 aixi  8*  The  values  for  the  monohydrate  are  probably  reliable 
to  ± and  those  for  the  trihydrate,  to  ± 2^* 

4*  Fluoiride*  The  most  recent  data  for  the  heat  content  of  AIFq  were  obtained 
0* Brian  and  Kelley  Cl3]*  They  found  a minor  crystalline  transfonoation  at 
727*K  with  a heat  effect  of  only  I50  cal/mole;  otherwise  their  data  agree 
%d'th  those  of  lyashenko  [I4]  to  ± 0*$^* 

The  chosen  values  fit  equations  9 and  10  at  the  indicated  teBq>eratures 
with  the  mean  percentage  de'vlations  indicated* 

5*  Chloride*  The  data  of  Fischer  [15 ] for  AICI3  yield  equations  11  and  I3, 
which  fit  the  data  to  ± 2^*  A heat  of  iusion  of  8*50  KcaVmole  at  485*^*^ 
is  obtained*  No  other  da'ba  were  found* 


B.  Berylliuin  and  Its'  Compounds 

1*  Free  Element*  The  most  reliable  data  for  Be  seem  to  be  those  of  Oinnings, 
i^uglas  and  Ball  CI6]*  Their  data  are  given  in  Table  3*  The  melting  point 
has  been  reported  as  I556*  ± 1*K  in  the  compilations  of  Kubaschewski  and  Evans 
KubaschewsidL  et  al  [3],  and  Hossini,  Wagman,  Evans,  le-vine,  and  Jaffe  [18]* 
Kubaschewski  and  coworkers  [3]  give  2*8  d:  0*5  Kcal/mole  as  the  heat  of  fusion 
at  1556*K* 

In  the  liquid  region  Kelley  [193  has  adopted  a cons'bant  heat  capacity, 

via* 

Cp  • 7*50  cal  deg"^  mole*^* 


Table  2«  Heat  Content  of  oC  -AI2O3  - 400*K 


T 

•K 

Hm  *”  Hoq;>  t c 

T 

•K 

Hj  - H208.15 
cal/Bole 

298.15 

0 

360 

1:257.4 

300 

34.9 

380 

1697 

320 

424.5 

400 

2151 

340 

832A 

Table  3#  Heat  Content  of  Be  from  367  - 

U70*K 

T 

•K 

Hj  -^8273.15 

T 

•K 

367.15 

384.5 

870.75 

3184 

468.95 

879 

972.85 

3831 

571.45 

1425 

1070.05 

4470 

667.75 

1970 

1169.55 

5147 

770.95 

2576 

2«  QxLdem  The  heat-content  data  of  Victor  and  Douglas  [20]  hare  been 
adopted  as  the  aost  reliable*  Equation  1?  fits  the  data  to  ± 0*1^  in 
the  range  from  293*  to  1500*K,  with  an  estimated  accuracy  of  i:  These 

ralues  average  about  0*5^  higher  than  those  reported  by  Kelley  C2]« 

3«  Hydroxide^  Fluoric^e,  Chloride^  No  data  were  found  for  the  hydroxide, 
fluoride  or  chloride  of  beryllium^ 


C.  MBgneslimi  and  Ita  Oompounds 

1«  Free  Elemental  The  most  recent  high-tenqperattire  heat-content  data  were 
obtidnea  by  Saba,  St^rret,  Craig,  and  Wallace  [3I]  in  the  renge  from  293* 
to  543*  K*  These  resiilts  Join  smoothly  with  the  low  temperature  work  of 
Craig,  Krier,  Coffer,  Bates  and  Wallace  [32]*  Stull  and  MeDonaM  [21] 
measured  the  heat  content  of  Ng  between  700*  and  HOO^K,  and  Seekanq>  [22] 
from  290*  to  770*K*  Here  the  data  of  Saba  et  al#  and  Stull  and  McDonald 
(loc*  cit«)  have  been  joined  to  give  the  heat-content  equation  13«  The 
equation  is  believed  accurate  for  the  solid  to  ± 1^«  The  heat  contmit 
values  obtained  from  equation  13  are  in  general  lower  by  from  0*3^  to  1*2^ 
than  those  reported  by  St\iU  and  Sinke  [1]^  the  smaller  deviation  occuring 
at  the  higher  teriq)eratures«  Stull  emd  McDonald  [21]  obtained  a heat  of 
fusion  of  2*14  ± 0*05  cal/sfiole  at  the  melting  point,  923*1^  Above  923*K 
the  liquid  heat  content  of  Stull  and  McDonald  [21]  ^s  been  adopted  and 
assumed  to  apply  up  to  1300*K»  (The  authors  indicated  this  extrapolation 
and  it  probably  does  not  introduce  any  great  uncertainty^)  Equation  2b 
fits  the  experimental  data  to  ± 0*7^  in  the  liquid  region  923  * 1100* K* 

2*  Oxides^  The  high-temperature  heat  content  of  single-crystal  magnesium 
oxide  has  been  measured  by  Victor  and  Douglas  [20]  up  to  1200*K*  The 
results  fit  equation  21  to  better  than  ± p*l^*  This  equation  Joins  well 
at  293*K  with  the  low  teo^erature  data  of  Parks  and  Kell^  [23 J,  who  also 
investigated  single-crystal  MgO*  The  heat  capacity  values  for  powdered 
MgO  obtained  by  Giauque  and  ArcMbald  [24]  at  low  temperatures  are  hi^er 
by  1^  at  293* K than  those  of  the  single-crystal  specimen* 

Kelley*  s compilation  [2]  of  heat-contmt  data  gave  greatest  wei^t 
to  the  work  of  Magnus  [25]  and  Wilkes  [26],  and  gives  values  of  con^ 
tent  vdiich  range  from  1*5  to  4«5^  lower  th^  those  given  above  [20]*  The 
more  recent  work  of  Arthur  [27]  is  uncertain  by  ± 2^*  Wilkes  made  measure- 
ments up  to  21CX)*K;  it  is  of  interest  thaVax^  extrapolation  to  2100*K  of 
the  equation  obtained  by  Victor  and  Douglas  [20]  fits  Wilkes*  data  within 
the  precision  of  the  latter* 

3*  Hydroxide^  The  heat  content  of  Mg(0H)2  was  reported  by  lashchehko 
and  KoDpanskLi  [28]*  Equation  22  can  be  used  to  represent  their  data  to 
± 3?  from  293*  to  600*K* 
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4*  Plttoride^  Naylor  [29]  measiired  the  heat  content  of  Hs^2  obtained 
eqoatipns  23  and  25«  From  them  a heat  of  fusion  of  13«9  ^ O.O?  Kcal/oolo 
at  the  melting  point,  1536*K,  is  obtained# 

5#  Chloride > Moore  [30]  measured  the  heat  content  of  N^l2  and  obtained 
the  equations26  and  2d*  The  heat  of  fusion  from  this  inyastigation  is 
reported  as  10#3  ± O.O5  Kcal/niole  9S7®K,  the  melting  point# 


D.  Lithium  ajod  Ita  Compounds 

1#  Free  Elements  The  most  careful  heat-content  study  of  Id  waa  made  by 
Douglas  et  at  L33]#  and  their  results  are  giren  up  to  1200*K  in  table  4* 

The  accxiracy  of  the  data  is  estimated  to  be  ± 0#5^«  A heat  of  fusion  of 
7170  oal/g  atom  at  453*7*K  was  reported# 

2#  Qxide^  The  heat  content  of  ld2^  measured  up  to  1050*K  by  Shomate 
and  Ck>hen  [34] • The  results  are  reported  in  equation  32,  and  are  probably 
accurate  to  better  than  ± 1^# 

3#  HgdroadLde^  Shomate  and  Cohen  [343  reported  the  heat  content  of  solid 
Id.'CHl!298*  - 744.3*K)  («q.  33)  ani  liquid  liOH  (7U.3*  - 900*K)  (eq.  35), 
and  a heat  of  fusion  of  5OIO  cal/oole  at  744*3*^# 

4#  Fluoride  * Precise  heat-content  data  (298*  - 1200*  K)  for  lAF  were  report- 
ed by  Douglas  and  Dever  [35],  and  are  given  in  table  5*  Voskrenenskaya  et 
al  [37]  made  measurements  up  to  1400*K#  Combination  of  both  workers  results 
above  1121*  K gives  equation  38  for  the  heat  content  of  the  liquid# 

Both  workers  report  a heat  of  fusion  of  6470  cal/oiol®  1121#3*K, 

The  liquid  heat  capacity  is  uncertain  by  ± 2^  or  more#  This  would  correspond 
to  an  \mcertainty  in  relative  heat  content  (Hy  - H29g,i6)  at  these  tempera- 
tures of  not  more  than  ± 1^# 

5*  Chloride.  The  only  data  on  the  heat  content  of  IdCl 
was  obtained  by  Doiiglas  et  al  [36]  from  298*  - 1173*  K,  and  are  given  in 
equations  39  and  41*  'They  reported  a heat  of  fusion  of  4715  cal/mole  at 
880* K#  They  measured  two  samples;  these  were  only  98  and  99  mole  % pure, 
respectively,  but  on  the  basis  of  accvirate  chemical  analyses  the  ismuritieS 
were  corrected  for#  The  resulting  heat  capacities  for  the  two  sanqiles  agreed 
almost  exactly  in  the  solid  range,  and  to  about  in  the  liquid  range# 
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Table  Thermodynainia  Functions  of  Id.  (iBole  vt  ■ 6*940) 

cal/deg*  g*  atom 


T 

•K 

n • 

T 

p»  - hS 

T 

298.15 

5.892 

6.777 

3.656 

3.121 

300 

5.899 

6.8I4 

3.670 

3.144 

400 

6.599 

8.596 

4.306 

4.290 

453.7  (s) 

7.022 

9.455 

4.604 

4.851 

453.7  (1) 

7.26t 

11.035 

6.184 

4.851 

500 

7.200 

11.738 

6.281 

5.457 

600 

7.060 

13.038 

6.422 

6*  616 

700 

6.928 

14.116 

6.504 

7.612 

doo 

6.916 

15.041 

6.556 

8485 

900 

6.904 

15.854 

6.595 

9.259 

1000 

6.892 

16.581 

6*626 

9.»5 

1100 

6.880 

17.238 

6.649 

10.589 

1200 

6.868 

17.836 

6*66d 

U.168 
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Table  5«  Thermodynasiic  Functions  of  X4F  (mole  wt  * 25*94) 

cal/dog  mole 


T 

•K 

V 

s* 

H*  ~ H*298.15 
T 

F*  - HS98.I5 

T 

298.15 

10.015 

8.52 

0 

8.52 

300 

10*042 

8.582 

0.062 

8.520 

400 

IX.I42 

11.636 

2.707 

d.929 

500 

n*d3i 

14.201 

4.467 

9.734 

600 

12.336 

16.404 

5.738 

10.666 

700 

12.770 

18.339 

6.712 

11.627 

600 

13*200 

20.072 

7.496 

12.576 

900 

13.677 

21.654 

8.156 

13.498 

lOCX) 

14.239 

23.123 

8.735 

14.388 

1100 

14.921 

24.511 

9.265 

15.246 

1121.3  (b) 

I5.O85 

24.798 

9.374 

15.424 

1121.3  (l) 

15.51 

30.569 

15.145 

15.424 
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DATA  mi  cmm  sojrces 

D*  R.  Llde,  H.  H.  Iftsolley,  aiai  T.  B*  Itewglas 


A.  Introduction 

Selected  values  of  the  molecular  constants  for  gaseous  molecules  of 
Id,  Be,  Mg,  and  Al>  in  their  ground  electronic  states  are  listed  in 
Tables  1 to  4 found  at  the  «ad  of  the  chapter  and  discussed  below  in 
Sections  B and  C#  Also  tabulated  are  constants  for  Cl^  C1F> 

and  CIO. 

The  constants  for  diatomic  molecules  were  taken  from  the  corpilations 
of  Rosen  [1]*  and  Herzberg  [2]  except  in  those  cases  where  more  recent 
experimental  data  were  available.  Inhere  several  band  systaas  were  studied, 
the  average  value  for  the  ground  state  has  been  tabulated. 

Spectroscopic  and  molecular  constants  not  contained  in  the  literature 
for  the  molecules  discussed  herein  were  estimated  or  computed  from  other 
data  in  various  ways  and,  except  where  otherwise  noted,  included  in 
parentheses  in  the  tables.  The  constants  for  most  of  the  polyatomic  mole- 
cules are  largely  estimated  values  due  to  the  lack  of  the  retaulsite 
experimental  data.  This  is  pai*ticitlarly  true  for  the  aluminum  compounds 
listed  in  Table 

All  calculated  constants  for  the  diatomic  molecules  are  weighted 
mean  values  consistent  with  the  relevant  natural  Isotopic  abundances.  The 
symbols  for  molecular  constants  used  throughout  the  chapter  have  their 
usual  significance  as  defined  by  Herzberg  12]. 


B;  B1  atomic  lfc>lecules 

1.  Mmers  of  light- Metal  Atoms  (Table  l).  Molecular  constants  for  LI 2 
.have  been  derived  from  the  spectroscopic  data  given  by  Rosen  [l]  for 

and  and  adjusted  for  the  normal  isotopic  abundance.  Few  data 

have  been  reported  for  homonuclear  diatcmiic  molecules  of  the  other 


* 

Ihaabers  in  brackets  refer  to  the  list  of  references  Included  at  the  end  of 
the  text. 


metals.*  However,  the  band  spectrum  of  MSo  been  observed  both  In 
fiibsorptlon  [5]  and  emission  [4],  but  as  yet  no  complete  analysis  of  the 
band  systems  has  been  made. 

2.  Halides  of  Id,  Be,  Mg^  and  A1  (Table  l).  The  fundamental  vibrational 
frequencies  for  lithium  fluoride  and  lithium  chloride  were  obtained  from 
the  recent  infrared  spectral  data  of  Klemperer  [5] . Values  for  the  rota^ 
tional  constant,  Be>  were  computed  from  estimated  values  of  the  moments 
of  inertia.  The  moments  of  inertia  for  liF  and  Id  Cl,  shown  in  the  table 
below,  were  calculated  from  intemuclear  distances  deduced  by  Honig, 
et  e1  [6]  from  a correlation  of  re  values,  accurately  determined  by  micro- 
wave  spectroscopy,  for  15  other  alkali  halides. 
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Te 

(gm  cm^) 

(A) 

IdF 

1.968 

1.527 

IdCl 

3.9to 

2.022 

The  quantity^  60^  for  liF  and  Id  Cl  was  estimated  from  the  ratio 
^De(  t0e^e)/^%  which  was  assumed  to  have  a value  of  1.6  in  each  case. 
(This  ratio  was  found  to  vary  from  1.0  to  1.9  for  seven  other  alkali 
halide  molecules,  e.g.  1.9  for  IdBr  and  1.5  for  Idl. ) 

A mean  value  of  1.52  for  the  ratio  OCe^e/^(  C0e%e)  used  to 
estimate  OCq  for  IdF  and  IdCl.***  (The  value  of  this  ratio  ranged  from 
1.26  to  1.58  for  9 other  a1  kali  haH.ide  molecules,  including  IdBr  and  Idl). 

Spectroscopic  constants  for  the  ground  electronic  states  of  the 
diatomic  fluorides  and  chlorides  of  Be,  Mg,  and  Al,  except  for  AIF,  were 
taken  from  the  compilations  of  Rosen  and  Herzberg.  The  more  recent  data 
of  Haude  and  Hugo  [8],  and  Barrow  and  Rowlinson  [9]  for  AIF  have  been 


Dissociation  energies  for  Al^  end  Be^  have  been  reported  and  are  dis- 
cussed in  Chapter  VI, 

D^  = dissociation  energy. 

y ^ ^ 

Values  of  00^  for  IdF  and  IdCl  calculated  from  these  estimated 
values  of  oC^,  assuming  a Mcrse- function  oscillator  in  the  neighborhood 
of  the  potential  minimum  [7]>  were  in  agreement  with  those  deduced  froaoi 
the  ratio,  ^Dg(  COe 'Xe)/d)e  ^ within  about  10  per  cent. 


-37- 


iised.  The  rotatioaml  constant,  B y lias  not  been  measured  accurately  for 
BeCl  and  consequently,  valuSs  have  been  calculated  on  the  assumption 

that  the  bond  distances  are  the  same  as  those  for  the  coire spending 
dihalides  [10].  The  constants  and  Be  li&re  been  calculated  by  the 
usual  fOnsulas  [2]  in  instances  idiere  experimental  values  vere  not  avail- 
able. 

Oxides  of  Be^  life,  and  A1  (!fable  l).  The  molecular  constants  for  BeO 
and  1^0  aie  those  given  in  Rosen  [ij  and  Herzberg  [2].  New  data  for  AlO^ 
have  recently  appeared  in  the  literature  [11] , 

Por  IfeO,  there  is  no  certainty  that  the  ^ state,  for  -which  data  have 
been  quoted,  is  the  true  ground  state  [1,2,12],  There  have  been  sugges- 
tions that  the  ground  state  may  be  (^^on  [15]  has  indicated  that  one 

observed  [14]  band  system  in  -the  Mg®  spectrum  may  involve  a triplet  state. 

4.  Balogen  lt>lecules  and  CIO  (Table  1)  . lilolecular  constants  for  Cl^^ 
and  GIF  have  been  selected  i*rom  a paper  by  Evans,  Jtoson,  and  Wagman  [15] 
on  the  thermodynamic  properties  of  halogen  compounds.  ®cmie  of  the 
constants  cc^talned  therein  are  estimates. 

The  principal  constants  for  CIO  are  -fche  result  of  the  spectroscopic 
•wDiis:  of  BEurie  and  Ramsay  [16-1,  and  Forter  [17]-  15ie  value  for  o(g  has 
been  estimated  on  the  basis  of  other  constants.  A value  for  Be  vas 
obtained  from  the  experimental  value  for  Bo  and  the  estimated  value  for 

cXe- 


C.  Bolyatomic  Molecules 

1.  Bimeric  Halides  of  Ilthi-um  (Table  2).  Assuming  the  fundamental  fre- 
quency of  the  monomer,  IlF,  to  have  the  value  given  in  Table  1,  the  fre- 
quencies -tabulated  for  -the  dimer,  ll^^y  are  -those  estimated  by  Barter 
and  Schoonmaker  [l8]  using  the  methods  of  Bauer,  Biner  and  Forter  [19]* 
Althou^  -these  methods  of  estimating  the  dimer  frequencies  are  question- 
able on  theoretical  grounds,  at  least  they  can  claim  some  degree  of 
experimental  support  by  having  served  as  a semi- empirical  means  for 
smoothing  the  dimerization  energies  evaluated  by  Miller  and  Kusch  [20] 
fi*om  their  molecular  beam  data. 

The  moments  of  inertia  tabulated  here  -were  calc-ulated  theoretically 
frcaa  an  ionic  model  after  requiring  that  the  dissociation  energy  have 
■the  value  recommended  hy  Porter  and  Schoonmaker  [l8] . It  should  be 


= 1.6176a.- 
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xttrted  that  the  heat  capacity  of  the  gaseous  dimer  above  rocaa  tenQ)erattire, 
unlllce  the  entropy,  is  insensitive  to  the  assumed  frequencies  and 
monents  of  inertia. 

The  vibrational  frequencies  for  IlgClg  are  those  estimated  by  Bauer, 
ftLner,  and  Porter  [19]*  The  reliability  or  the  methods  of  estimation 
used  have  been  discussed  above  \mder  **  moments  of  inertia 

given  here  vere  caG-culated  theoretl csilly  from  an  Ibnic  model.  In  so 
doing,  the  energy  of  dimerization  found  by  )6.11er  and  Kusch  [20]  was 
assumed,  this  energy  value  being  almost  identical  with  that  arrived  at 
in  the  calculations  of  Bauer,  Blner,  and  Porter  [19  ] . 

Although  reasonsible  estimates  of  frequency  fundamentals  and  moments 
of  inertia  for  the  hi^er  LiX  polymers  might  be  made  by  the  methods 
discussed  above  for  the  dimers,  the  uncertainties  would  be  greater)  there- 
fore no  attenqjt  has  been  laade  here  to  extend  the  calculations. 

2.  Dihalides  of  Be  and  )fe  (Table  3)*  These  molecules  are  clearly 
Itineair  fid].  Two  of  the  three  fundamentals  for  BeP^,  Beci^,  and  IfeClp 
have  been  measured  [21].  The  infrared  Inactive  fundamental  was  assumed 
to  be  about  1/2  of  Vx.  The  fundamentsJ.3  of  HgF2  were  assumed  to  be  in 
the  same  ratio  to  those  of  )feCl2  as  is  found  for  the  beryllium  com- 
pounds. The  bond  distances  in  these  compounds  have  been  measured 
accurately  by  electron  diffraction  [10],  so  that  the  calculated  moments  of 
inertia  should  be  reliable  to  3 or  4 per  cent. 

The  mixed  halide©  BeKIl  and  >|gPCl  have  not  been  reported  in  the 
literature.  Mblecular  constants  were,  however,  estimated  for  them  on  the 
basis  of  the  data  for  BeX2  €md  HgX2* 

3.  Aluminum  Compounds  with  F,  Cl,  0 and  H (Table  4).  The  molecular 
constants  for  the  aluminum  ccm^unds  discussed  below  have  been  largely 
estimated  from  other  data. 

There  is  little  doubt ‘that  AIP5  and  AICI5  have  planar  symmetric 
structures.  The  only  available  vibrational  information  is  Klemperer's 
measurement  [22]  of  the  degenerate  stretching  fundamental  of  AlCl^* 

Using  this  measurement  as  a starting  point,  we  have  estimated  the  funda- 
menteG-S  for  AIF^  and  AlCl^  by  analogy  with  the  boron  trihalides  (cf 
Ref.  [23]).  The  resulting  values  are  reasonably  in  line  with  the  meager 
infoasaation  available  on  solid  compounds  [24]  such  as  AlCl^  . and 
RaAld]^. 


The  mixed  halides  AIP2CI  and  AIFCI2  have  not  been  reported  in  the 
literature  but  they  may  well  exist.  iJielr  fundamentals  were  estimated 
with  the  help  of  the  known  behavior  of  mixed  boron  halides. 
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The  existence  of  AIF2  and  AICI2  at  high-tean^r&tures  has  been 
proposed  on  the  basis  of  Indirect  evidence  [25].  The  tabulated  funda-* 
mentals  vere  estimated  on  the  basis  of  the  trlhallde  fundamentals,  in 
con^junction  with  the  reasonable  assumption  that  the  vertex  angles  are 
about  120°. 

Xa  the  calculation  of  the  moments  of  Inertia,  the  Al-F  and  Al-Cl 
bond  distances  were  assumed  to  be  1. 7DA  and  2. 10 A,  respectively. 

The  oxyhalldes  AlOP  and  AlOCl  may  be  stable  moleciiles,  although 
there  is  no  direct  evidence  for  their  existence.  Their  structures  have 
been  assumed  to  be  linear;  however  the  arguments  for  this  are  rather 
tenuous,  and,  a bent  structure  cannot  be  excluded.  FundamenteQ.  vibra- 
tions and  bond  distances  have  been  estimated  from  the  values  for  related 
molecules. 

A provisional  choice  of  constants  for  AIO2H  has  been  made  on  the 
basis  of  the  following  assumed  planar  structure: 

H 

0 = Al— 

A similar  structure  seems  to  be  reasonable  for  B 02^^  which  the  OBO  part 
is  essentially  linear.  For  AlO,  the  force  constant  is  definitely 
greater  than  it  is  for  single  bonds.*  The  intemuclear  distance  in 
AlO  is  I.6176A  which  is  appreciably  less  than  the  sum,  I.92A,  of  the 
covalent  radii  for  A1  (l.  26a)  and  0 (0.66a).  The  0 =;  A1  bond  distance 
In  AlOgH  is  accordingly  taken  as  1.62A  as  in  the  AlO  molecule. 

The  Al-0  single^bepd  distance  in  AIO2H  has  been  assumed  to  be  1.87A, 
the  smallest  of  the  three  AlO  bond  distances  (I.87,  1.88,  and  1.99 A) 
found  by  Jfl.lligan  and  lIcAtee  [27]  in  crystalline  /-AlOgH.  A considerably 
shorter  AlO  single-bond  might  be  expected  in  the  gaseous  laDleciile  on  the 
ground  that  the  00  group  is  similar  to  the  F in  electronegativity  and, 
therefore,  ionic  shortening  would  be  pronmanced.  For  AIF,  the  sum  of  the 
covalent  radii  is  1.90A  (l.  26a  ^ot  A1  and  0.6i|-A  for  F),  yet  the  actual 
Al-F  bond  distance  is  1.d5^A. 

The  0-H  bond  distance  has  been  assumed  to  be  0.9^A  which  is  inteiv 
mediate  to  the  0^0  distances  in  such  greatly  differing  moleciiles  as 
C05Oi&(O.92A),  H20C3*957A),  ai^  00  (0.97A). 

The  Al-00  bond  angle  was  taken  as  105°;  which  is  close  to  the  usual 
estimate. 


The  compilation  of  force  constants  prepared  by  Varshni 


[26] . 


n3ie  frequencies  for  AlOgiH  were  estimated  by  ecsnslderlng  the  hydrCocyl 
^roup  as  a single  lumped  mass.  The  Al-OH  bond  force  constant  vas 
assumed  to  be  that  of  AlP  adjusted  to  a lower  value  by  a factor  arbitrarily 
i^osen  to  be  the  square- root  of  the  ratio  of  the  force  constants  for 
H2O2  (assumed  to  be  two  lumped  C®  groups)  and  F2  ('vdiich  has  the  larger 
force  constant).  The  0 = A1  force  constant  was  assumed  to  be  that  of  the 
AlO  molecule.  The  resultant  calculated  frequencies  were  68O  and  IO66  cm**^, 
>diich  have  been  rounded  to  TOO  and  1100  cnT^. 

The  CH  stretching  and  bending  frequencies  are  5^0  and  1200  cm*^, 
respectively,  which  are  in  the  range  of  values  for  other  compounds.  The 
two  skeletal  bending  frequencies  have  been  arbitrarily  assigned  the  values 
of  500  and  too  cm"*^  by  analogy  with  values  for  other  ccaupounds. 

In  the  case  of  AlOH,  the  bond  lengths,  bond  angle  and  force  constants 
were  given  the  values  estimated  for  the  corresponding  parameters  in  AlOgH. 
Jtolecular  constants  have  slso  been  estimated  for  the  distinctly  different 
molecule,  0 = AlH.  This  molecule  is  thought  to  be  linear.  Bond  lengths 
bssL  frequencies  have  been  estimated  on  the  basis  of  the  assumed  bond  types. 
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!Feibie  1 


Jtolecular  Ctonstants  fox  Diatomic  JiDlecules  la 

(Sstlmated  constants  are  sho^  in  parentheses) 


Hale- 

cule 

Ground 

State 

Species 

^e 

(x  10^) 

Be 

ore 

Refer- 

ences 

2 

s 

353.121 

2.627 

10.07 

0.6796 

0.00731 

[1] 

lilF 

900  ±50 

(7.0) 

(i4.ao) 

(1.4221) 

(0.015) 

[5] 

liCl 

650 

(ii.3) 

3.393 

0.7103 

(0.0062) 

It 

BBF 

1265.6 

9.12 

8.21 

1.4877 

0.0168 

[1,2] 

BeCa 

81(6.6 

5.11 

(2.5) 

(0.766) 

(0.007) 

n 

BeO?* 

V 

11(87.19 

11.731 

8.198 

1.6510 

0.0190 

ft 

IfeF 

717.0 

3.84 

(1.1) 

,e»sa6) 

(0.0)4) 

If 

mcl 

% 

1(65.  l^ 

2.05 

(o.e) 

(0,245) 

(0.001) 

It 

mo 

h:(7) 

785.06 

5.18 

1.22 

0.57^5 

0.005 

II 

AH’ 

h: 

801.0 

4.75 

0.97 

0.5523 

0.0048 

[8,9] 

ALCl 

1(81.3 

1.95 

(0.24) 

(0. 242) 

0.002 

[1,2] 

ALO 

V 

979.^ 

6.97 

1.08 

0.64l4 

0.00580 

[11] 

^2 

919.0 

(13.6) 

(3.3^) 

0.8901 

(0.0146) 

[15] 

dg 

561.0 

5.94 

(D.1766) 

0.24o4 

0.00166 

It 

CH 

78h.h3 

6.20 

(0.869)  ■ 

0.514012 

0.0043272 

It 

CIO 

% 

868  - 

7.5 

2.2 

(0.646) 

(0.007) 

[16,17] 

calculated  tKmstants  are  weighted  values  consistent  with  the  relevant 
natural  Isotopic  abundances. 

vibrational  constants  have  been  adjusted  to  allow  for  the  amission  of  «%ye* 
De  is  here  the  rotational  constant,  not  the  dissociation  energy. 
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TfiCble  2 

I 


Itjlecular  Ctoastants  for  (L1X)2  Species 
(Sstimated  cozistants  are  shovn  in  parentheses) 


1 

i 

i Dimer 

T ^ 

<r°_2L_ 

I a 
2 

Struc- 

1 

L 

Cnri 

‘1 

(x  10^^),  gm 

cm^ 

ture  ® 

1 

j(lir)2 

(900)  (555) 

(531) 

(900)  (531) 

(531)  n.51 

2.1+55 

13.97 

P 

i(iica)2 

(650)  (31fl) 

(>it4) 

(650)  (3iA) 

(3VV)  4 39.5't 

3.311+ 

1+2.85 

P 

(®Based  on  - X"*  bond  distances  of  1.70A  for  (X4-F)2  2.^9A  for  (idCl) 

1 and  X*"  - - X bond  angles  of  105*2®  and  113*6®,  respectively. 

2^ 

P = planar* 

0 

<|"  is  the  symmetry  number. 

flible  3 

Molecular  Constants  for  the  Dihalldes  of  Be  and 
(Estimated  constants  are  shoim  in  parentheses) 

Mblecule 

. 

I 

^0  (x  10^9) 

to 

Structure  Reference 

Chi*^ 

2 

gm  cm 

Bfep2 

1520 

825(2) 

(750) 

2 12.36^ 

L 

[21] 

1113 

1(S2{2) 

(550) 

2 36.06'’ 

L 

[21] 

Bern 

(1200) 

(650)(2) 

(8go) 

1 (20.91) 

L 

— 

J»2 

(800) 

(500)(2) 

(i|00) 

2 19.76^ 

I 

597 

295(2) 

(300) 

2 55.96'’ 

L 

[21] 

Hsrci 

(650) 

(*<00){2) 

(•^50) 

1 (33.06) 

I 

— 

= linear. 

Calculated  from  bond  distances  measured  by  electron  diffraction  [10]. 
<1“  is  the  synnnetry  number. 
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asable  4 


Molecular  Constants  for  Polyatomic  Ccmipounds 
of  Aluminum  Containing  P,  Cl,  0 and 


Molecule 

“i 

“2 

(1^ 

C 

r 

h 

Struc^ 

ture® 

(x  10^^),  gm  cm^ 

cm*  ^ 

AU-j 

TOO 

too 

900(2) 

300(2) 

— 

- — 

6 

13.67 

15.67 

27.514 

P 

Aica^ 

350 

250 

610(2) 

150(2) 

— 

— 

6 

38.914- 

38.9I4 

77.88 

P 

900 

TOO 

300 

■i  —f  1 

— 

2 

1.89 

13.67 

15.56 

B 

AKag 

600 

350 

150 

— 

— 

2 

3.58 

38.95 

142.52 

B 

Ali-gCl 

850 

750 

550 

350 

250 

200 

2 

15.67 

27:60 

141. 27 

P 

AlPClg 

750 

650 

14-50 

300 

200 

150 

2 

19.57 

58.914 

58.51 

P 

0 = JOT 

900 

750 

500(2) 

— - 

1 

— 

15.148 

— 

L 

0 = AlCl 

900 

14-50 

550(2) 

— 

- — 

1 

.. — 

28.65 

— 

L 

0 = AlOE 

5i*00 

1200 

1100 

700 

500 

too 

1 

0.13 

16.9 

17.0 

P 

0 = AIB 

1600 

1000(2) 

900 

— 

— 

— 

1 

5.31 

L 

AlCE 

5to0 

1200 

800 

- — 

- — 

— - 

1 

B 

^All  tabulated  constants  have  been  estimated  except  os,  for  AlCl^,  uhich  has  been 
observed  In  the  infrared  [22]. 

= Bent,  L = linear,  P = HLanar. 

or  is  the  symmetry  number. 


Molecular  Constants  from  Spectroscopic 
Data  and  Other  Sources 
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CHAPTER  V 


VAPOR  HIESSURE  AHD  HEAT  OF  VAPQRIZATIQH 
R.  F.  Walker,  A.  C.  Victor,  and  Jolin  Efimenko 


Ifitroductipn 

Whan  the  thermodynamic  properties  of  substances  in  the  crystalline 
and  liquid  states  have  been  established,  a study  of  the  equilibria  between 
these  condensed  phases  and  the  vapor  phase  furnishes  one  of  the  most  direct 
and  valuable  means  of  deriving  the -thermodynamic  properties  of  the  gases 
composing  the  vapor.  Obtaining  reliable  information  on  the  gases  arising 
from  the  vaporization  of  even  the  most  stable  oxides  of  aluminum,  beryllium, 
magnesium,  and  lithium  has  presented  unusual  difficulties  for  at  least  two 
important  reasons:  (l)  These  oxides  as  solids  or  liquids  are  highly  in- 

volatile  except  at  elevated  temperatures,  and  (2)  in  general  the  vapors 
have  been  found  to  decompose  or  associate  partially,  so  that  a simple 
determination  of  the  vapor  pressure  and  its  variation  with  temperature 
gives  no  exact  and  unambiguous  data  on  any  one  gas  species. 

This  chapter  discusses  the  solid-vapor  equilibria  involving  the  two 
oxides  Al20^  and  BeO,  and  presents  some  of  the  resulting  thermodynamic 
information.  An  attempt  has  been  made  to  take  advantage  of  some  of  the 
most  recent  and  most  informative  research  in  this  field.  Treatment  of 
the  vaporization  of  other  oxides  of  the  foiir  metals  under  consideration, 
as  well  as  other  work  reportedion  these  two  oxides,  must  be  deferred  to 
later  reports. 

Finally,  this  chapter  presents  the  results  of  a recent  examination 
at  the  Bureau  of  the  consistency  between  the  heats  of  vaporization  of  the 
four  free  metals  and  their  entropies.  Within  the  uncertainties  these 
independent  calculations  check  the  heats  of  vaporization  recently  compiled 
by  Stull  and  Sinke  [1]*,  which  are  therefore  accepted. 

The  vapor  pressures  of  the  conventional-valence  fluorides  and 
chlorides  of  the  four  metals  have  been  measured.  These  results  are  not 
discussed  here,  but  in  most  capes  are  treated  and  made  use  of  in  the 
following  chapter  on  heats  of  foimation  and  dissociation  energies.  It  is 
now  certain  that  the  saturated  vapors  of  lAF,  IdCl,  AlCl^,  and  BeCl2  are 
extensively  associated  in  the  range  of  measurement.  The  assumption  is 
usually  made  that  the  satiirated  vapors  of  the  other  halides  such  as  BeF2 
and  AIF^  are  not  associated,  and  thermodynamic  properties  have  then  been 


■*See  end  of  this  chapter  for  its  references. 
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calculated  accordingly«  Although  this  assumption  has  some  support  from 
consideration  of  the  lower  volatilities  of  these  halides,  it  is  somevdiat 
open  to  question  in  view  of  the  recently  discovered  evidence  for  associa- 
tion of  the  halides  first  mentioned  and  the  apparent  lack  of  any  real 
positive  evidence  in  the  case  of  the  others. 

The  unit  of  energy  used  is  the  defined  calorie  (-  4ol840  absolute 
Joules). 

Vapor  Pressures  of  the  Metals  Al,  Be,  Mg  and  Id 

Aluminum.  The  vapor  pressure  of  aluminum  has  been  measured  by  Farkas  [2] 
at  147^®  K Baur  and  Brunner  [3]  from  1734*  to  2237®  K,  and  Brewer  and 
Searcy  [4J  froBl  I3S3®  to  146S®Ko  Earlier  measurements  were  made  by  Greenwood 
[16]  and  vOn  Wartenberg  [17]«  Johnson  et  al  [5]  and  Porter,  Schissel  and 
Inghram  [6]  have  more  recently  determined  the  heat  of  vaporization  using 
mass  spectrometric  techniques. 

Greenwood  and  von  Wartenberg  show  considerable  deviation  from  each 
other  and  from  later  workers.  The  values  for  the  heat  of  vaporization  at 
290.15°K  found  by  all  the  other  workers  (except  Baur  and  Brunner)  lie  in 
the  range  ^ ■ T^i.O  ± 1 Kcal/mole.  All  of  these  values  were 

obtained  from  measurements  below  1500®K,  and  there  is  considerable  un- 
certainty in  the  vapor  density  at  higher  temperatures.  Drowart  and 
Plonlg  [18]  estimated  Do  of  AI2  gas  to  be  I.7  e.v.  or  39  Kcal/mole.  Using 
this  value  one  might  estimate  the  amount  of  the  dimer  in  the  vapor  at 
various  temperatures.  This  would  indicate  that  the  dimer  accounts  for  1^ 
to  of  the  pressure  in  the  region  1734  - 2237* K measured  by  Baur  and 
Brunner,  ?md  would  be  about  10^  at  the  estimated  boiling  point,  2700®K. 
Wa3.dochmldt  [19]  lias  exfmlned  the  existing  vapor  pressure  data  and 
chosen  vtilues  of  pressure  for  various  temperatures  which  agree  substan- 
tially with  the  work  that  has  been  done  here.  Assuming  that  workers  [2] 
and  [4]  made  good  measurements  and  had  essentially  no  dimer  molecules  in 
their  temperature  range,  one  con  combine  their  vapor  pressures  (extrap- 
olated to  higher  temperature)  with  Baur  and  Brunner's  [3]  and  get  a value 
for  Do  of  AI2  (gas)  of  about  63  Kcal/mole,  However  this  would  give 
sufficient  dimer  at  l400°K  to  have  been  detected  by  workers  using  mass 
spectrometric  techniques.  One  must  conclude  that  the  pressures  reported 
by  Baur  and  Brunner  are  too  high  and  must  be  neglected. 

Tlie  present  calculations  based  on  the  above  data  led  to 


^ ^ Kcal/mole. 

P-  2000'K  - 7.25^  (10“^)  atm.  [19] 

Dlls  value  of  agrees  vlth  that  adopted  in  this  report,  77.5  kcal/mole 


Waldschmidt^a  [191  preasures  were  checked  by  the  the  2nd 

end  3rd  law  and  agree  on  within  the  abated  uncertainty* 

In  all  the  calculatlona  Involved  here  the  valuea  for  themal  pro* 
pertlea  of  the  condenaed  phaaea  are  those  given  In  Chapters  II  and  III* 

Stull  and  Slnke  [1]  choae  the  data  of  Holden,  Spelser  and 
ohnSon  C7l  (1172  - 1552* K)  as  being  the  beat*  These  workers  give 

log  - 6.186  + 1.454  (10"^)  T - IfflVit 

Uelng  the  Saekur-Tetrode  equation  the  value  of  was  calculated 

to  be  - 77*^  ^ 0*4  Kcal/mole*  This  agrees  with  the  value  adopted 

In  this  report,  77*9  kcal*/mole  Cl]*  Because  of  uncertainties  In  the  liquid 
phase  thermal  values  one  would  probably  incur  errors  of  ± 2 Kcal  In  taking 
this  to  the  boiling  point  (aaaumed  to  be  2730  i 100*K)* 

The  gas  has  been  assumed  to  be  all  monomer  but  the  2nd  and  3rd  law 
agrecBLent  has  not  been  Investigated* 

Other  measurements  on  Be  vapor  were  made  by  Baur  and  Brunner  [3] 

(I85O  - 2331*K)and  SchuiAan  and  Garrett  [8]  (1150*  - 1350*K)* 

Magnesium^  The  vapor  pressure  of  liquid  magnesium  has  been  measured  hy 
Hartmann  and  Schneider  1012  - 1215*K  C91  and  by  Baur  and  Brunner  926  * 

1283*K  [3]*  (Hving  equal  weight  to  these  two  sets  of  data,  the  Second 
and  Third-law  methods  gave  excellent  agreement  and  yielded  * 35*45 

kcal/x)le  ± *3*  This  agrees  with  the  value  adopted  In  this  report, 

35*6  koal/mole  Cll*  The  extrapolated  boiling  point  Is  1380* K*  Since  the 
vapor  pressures  of  solid  magnesium  from  626  to  818*  K [10]  give  for 
by  these  two  methods  much  poorer  agreement  (5^)  which  cannot  be  attributed 
to  errors  In  the  thermal  values,  the  data  for  the  solid  were  given  no  weight* 

Based  on  the  heat  content  work  of  Douglas  et  al  [11]  the  vapor 
px^sBure  measurements  of  Hartmann  and  Schnblder  C9]  (li^08  - 1353*^)^  and 
the  spectroscopic  analysis  of  Gordon  [12],  Loomis  [I3]  and  Gaydon  [I4]  the 
following  values  for  li  would  be: 

(3  ^ monomer  gas)  ■ 37#960  ± I5  cal/s*  at*  wt* 

at  1350*K;  Pj;^  « 83*2  mm;  ■ 7|B  mm*  This  heat  of  vaporisation  is  close 
to  that  adopted  In  this  report,  AH*  « 38j[)5  or  AH298  * 3^*44  kcal*/g  atomic 
wt*  [1]*  Other  measurements  of  li  vapor  pressure  were  made  by  )^ucherat  [I5I 
(462  * 642*K)  but  exhibit  considerable  scatter*  Within  their  \mcertalnty  hoi^ 
ever,  they  do  fit  the  above  values* 
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Condensed  and  Vapor  Phases  in  the  Al-0  System 

There  is  no  reliable  evidence  for  the  existence  at  high -temperature 
of  more  than  one  stable  solid  phase  in  the  system  Al-0.  The  corundum  phase,, 
is  however^  be3.ieved  to  have  a fairly  wide  homogeneity  range.  The 
value  given  in  KBS  Circular  500  for  the  melting  point  of  this  phase  (i.e. 
20k0°  0 is  believed  to  be  too  high.  In  fact,,  values  varying  from  2000  - 
2050° C have  been  reported  over  the  last  few  years.  The  most  recent  pub- 
lished value  [20]  lies  in  the  range  2000  - 2030° C.  Recent  unpublished 
values  [21]  are:  2025°  and  2025-30° C.  The  former  value  was  obtained  under 

high-purity  conditions  using  a solar  furnace^  but  is  based  upon  unsubstan- 
tiated assumptions  concerning  the  technique  of  temperature  measurement. 

The  latter  value  was  obtained  in  air  using  an  iridium  cell. 

The  weighted  average  value  of  26  kcals  for  the  heat  of  fusion  of 
AI2O5  may  be  suspect.  This  value,,  given  by  Kelley  [22]^  is  based  primarily 
on  data  taken  from  the  liquidus  curves  for  the  Al203-Ti02  system  [23]^  which 
assumes  2050° C for  the  melting  point  of  pure  Al2C^»  More  recently^  a modi- 
fied version  of  this  diagram  has  been  published.  As  with  approximately  20 
other  binary  phase  diagrams  having  AI2O3  as  a component^  it  is  not  clear 
from  a recent  compilation  [2^]  how  far  the  diagram  is  based  on  actual 
measurements  in  the  compositional  range  of  interest.  It  appears  that  some 
of  the  liquidus  curves  given  at  the  AI2O5  end  of  the  diagrams  are  merely 
extrapolations  to  an  assumed  melting  point  of  the  pure  component.  An 
analysis  of  suitable  binary  oxide- alumina  phase  diagrams  has  been  made  and 
the  calculated  results  are  shown  in  Appendix'  II. 

The  vapor  pressure  of  aluminum  oxide  having  a composition  at  the 
metal- rich  end  of  its  homogeneity  range  appears  to  be  fairly  well  estab- 
lished [25^  26;,  27].  The  predominant  vapor  species  appears  to  be  AI2O. 

For  the  reaction  4/3  Al(l)  + 1/3  Al20^(c)  = Al20(g)  Porter  et  ^ [27]  give 
^H°i5oo°k  = S2  ± 5 kcals.  The  data  of  Brewer  and  Searcy  [25]  yield 
.4H°i5oo°k  = 91  ± T kcals.  Brewer  [28]  recommends  a best  value 
= 85  ± 5 Kcals  for  the  heat  of  the  above  reaction;  assuming  the  mean  heat 
capacity  of  Al20(g)  to  be  12  cal.  mole“l  deg.”l^  this  corresponds  to 
^Hf°298  = -39.5  ± 5 kcal.  for  Al20(g)^  which  is  the  value  tabulated  in  this 
report.  The  free  energy  change  ^F°]_^qqoj^  = 28.5  kcals  [25];  hence^ 
AS°i5oo°k  ~ 58  eu  [28].  Extrapolating  the  data^  Brewer  [28]-  gives 
AF°2000°K  ~ kcals  and/[F° 2730°K  ~ kcals. 

For  the  reaction  4/3  Al(g)  + l/3  Al20^(c)  = Al20(g);A^’°  = -6OOO  + 
9.I5T  log  T - 3^*7  T cals.  -^S°poOO°K  ~ "^5  eu;  AF°3qoo°k  ~ kcals; 

A F°2ooO°K  ~ kcals.  For  the  reaction  involving  Al203(l),,  ^S°2500°K  ~ 
-4  eu;  AF°2750°K  = "15  kcals. 

The  free  energy  of  formation  of  Al20(g)  from  the  elements  in  their 
standard  states  is  -68  kcals  at  1500°K;  -72  kcals  at  2000°K  [28]. 

The  following  table  [28]  gives  the  partial  pressures  (in  atmospheres) 
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of  the  aajor  speqies  in  eqnillbrlim  Mlth  metal-rleh  alimina,  or  a mixture 


of  A1  and  Al20^: 

2000*K 

2500*K 

2750*K 

l**l20  (atm.) 

1(T^*2 

1q0.4 

10 

(atm.) 

lO"^*^ 

10“°*5 

1 

Pq  ( atm. ) 

10-12 

ICT® 

10-6.5 

Upon  the  assioiiption  that  Al^O  and  A1  continue  to  be  the  predominant 
vapor  species,  there  is  a considerable  .decrease  in  the  vapor  pressure  of 
alumina  as  one  goes  from  a metal-rich  coo^sition  to  a constant  boiling 
oos^sition:  The  following  table  [2S]  gives  the  calculated  vapor  pressure 
(in  atoosi^eres)  for  a constant  boiling  com^sition  corresponding  to  the 
passage  of  an  inert  gas  over  the  alumina: 


2000«K 

2500*K 

2750*K 

Pq  ( atm. ) 

10-8.1 

10-3.8 

P1I  ( atm.  ) 

10r8.3 

10t4o0 

P*l20('?'^“-) 

1(t5«7 

10^*3 

The  main  problem  in  checking  the  accuracy  of  the  above  assumption 
experimentally  Is  that  it  is  extremely  difficult  to  study  the  vaporization 
of  alumina  in  neutral  or  oxidizing  conditions*  The  ia^rtance  of  such 
species  as  AlO,  Al20^  etc*  has  not  yet  been  clearly  substantiated*  In 
Brewer^s  experiments  C25],  he  evaporated  AI2O3  in  a tungsten  cell;  however, 
Ackerman  and  Thom  contend  [29]  that  the  obsenred  volatility  was  due  to 
the  reaction  between  alumina  and  tungsten*  In  reviewing  both  his  own 
data  and  that  of  Ackeziaan  and  Thorn*  Brewer  [2B]  has  conaented  that  the 
observed  vapor  pressure  of  alundha  cannot  be  accounted  for  solely  in  terns 
of  this  reaction*  The  observed  vapor  pressure  of  alumina,  correcting  to 
neutral  conditions  and  assuming  A1  is  the  predominant  vapor  species.  Is 
four  times  greater  than  the  pressure  calculated  according  to  the  reaction 

*3403(1)  - 2*1  (g)  + 30(g) I 
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AP-/T  for  Al^O^d)  - 2Al(g)  + 30(g) 
assTsnlBg  XL  sole  gas  species 
(oaX/dBg/toole) 


A1  partial  pressures 
for  constant  boiling 
alondna  corrected  to 
neutral  conditions 
(atmospheres) 


Observed 

Calculated 

Observed 

Calctilat^ 

2300*K 

124. 

138.8 

10"5*4 

2450*K 

107 

120,3 

10“4*9 

10-5.3 

2600* K 

90 

103.8 

ier4.o 

10^.6 

Brewer  [2B]  believes  that  it  is  unlikely  that  this  discrepancy  can 
be  attributed  to  errors  in  thermodynasdc  data  or  the  temperature  scale* 

He  concluded  that  there  is  an  is^rtant  vapor  species  other  than  AI2O  or 
A1  in  the  neutral  vapor^  unless  the  discrepancy  arises  from  errors  in  the 
experimental  technique*  The  mass-spectrometer  [2?]  has  so  far  failed  to 
detect  species  of  hi^er  ombdation  state^  but  a characteristic  spectrum 
attributed  to  AlO  is  observed  in  arcs*  The  dissociation  energy  of  AlO  is 
not  known  with  any  certainty;  daydon  C30]  gave  a questionable  value  of 
SB  ± 7 kcal*  in  1947*  ^z*e  recently.  Brewer  [3I]  has  recommended  Dq  » 

119  ± B kcal*  per  mole,  and  that  is  the  value  tabulated  in  this  report* 
There  is  some  evidence  for  predissociation  in  the  ground  state  C32]  lead- 
ing to  a dissociation  energy  in  the  lower  electronic  state  of  0*93 
This  supposed  predissociation  is  apparently  excluded  by  recent  observa- 
tions of  lagerjprlst  [33]* 


As  far  as  vaporization  under  reducing  or  near  neutral  conditions  are 
concerned.  Brewer  stnas  up  [2B3  by  recommending  that  thermodynamic  calcula- 
tions be  carried  out  on  the  ha, sis  of  A1  and  AI2O  as  the  sole  vaporizing 
species*  This  assumption  leads  to  a maximum  possible  error  of  a factor  of 
foxir* 


The  vapor  pressure  of  aluminum  oxide  having  a composition  on  the 
oxygen-rich  side  of  its  homogeneity  range  has  not  yet  been  undertaken* 

It  is  anticipated,  however,  that  vapor  species  having  hi^er  oxidation 
states  are  likely  to  be  of  importance*  An  active  Bureau  program  has  as 
one  of  its  projected  tasks  the  determination  of  the  vapor  pressure  using 
a rhenitM  Khudsen  cell*  It  is  hoped  that  this  will  yield  data  pertaining 
to  less  reducing  conditions  than  those  obtainable  with  molybdenum  and 
tungsten  cells* 

A preliminary  qualitative  study  using  the  Bureau’s  solar  furnace 
has  shown  that  the  rate  of  vaporization  of  molten  alumina  ia  considerably 
reduced  by  small  partial  pressures  of  oxygen  [21]* 
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As  far  as  investigations  of  the  volatility  of  alumina  In  the  presence 
of  other  gaseous  atmospheres  are  concerned,  only  studies  In  the  presence 
of  voter  vapor  appear  to  have  been  undertaken*  The  measurements  have  been 
made  only  over  a limited  tesi9>erature  range*  Up  to  16CX>*C  no  effect  on  the 
rate  of  vaporization  has  been  detected  In  atmospheres  of  4-10  mn  H2O,  using 
a sdcrobalwce  technique  [211.GleBi8er  used  a transpiration  method  and  1 
atfflos*  H2O  (g)  without  detecting  significant  changes  In  the  volatility  of 
alumina  at  teoq^eratures  up  to  1700*C  [343*  However,  qualitative  experiments 
with  the  solar  furnace  [2X3  Indicate  that  the  volatility  of  molten  alumina 
la  considerably  enhanced  by  a pressure  of  25  mm*  H2O  (g)* 

Hie  only  known  studies  on  the  kinetics  of  vaporization  of  alumina 
are  currently  being  undertaken  at  the  Bureau  [213*  This  Investigation  Is 
atteoqitlng  to  uixlertake  measurements  In  vacuum  and  In  different  partial 
pressures  of  various  gases*  The  role  of  impurities  In  determining  the 
rate  of  vaporization  Is  also  being  studied* 


The  Vaporization  of  BeryTHiim 

W*  A*  Chupka  and  J*  Beykovltz  [35]  have  recently  dis- 
cussed their  study  of  the  vaporization  of  beryllltmi  oxide  and  Its  reaction 
with  tungsten*  The  composition  of  the  vapor  above  berylllm  oxide  held  In 
a tungsten  Knudsen  cell  In  the  range  I9OO*  - 2400* K has  been  determined 
mass  spectrometrlcally*  The  vapor  consists  predominantly  of  Be  and  0 atoms 
and  (BeO)o  and  (BeO)f  molecules*  Smaller  amounts  of  the  following  molecules 
were  detected:  62,  BeO,  (Be0)2,  (BeO)^,  (BeO)^,  WO2,  WO^  and  WOx*TBeO)y 
\diere  x • 1,  2 and  y 1,  2,  3*  A thezmodynamlc  treatment  of  the  data 
yielded  a v^ue  of  4*^  ^ 0*1  ev  for  the  dissociation  energy  of  the  BeO 
molecule*  Heats  of  vaporization  have  been  measured  for  the  other  (BeO)^^ 
molecules*  The  boiling  point,  of  BeO  has  been  crudely  estimated  as 
3^50  ± 200*C,  at  which  temperature  the  vapor  consists  mostly  of  (BeO)^ 
and  somewhat  smaller  amounts  of  (BeO)^  and  (BeO)c*  The  atomization  energies 
of  the  WO2  and  WO^  molecules  have  been  measured  io  be  13*6  ± 0*4  ev  and 
19*3  ^ 0*4  ev  respectively*  The  dissociation  energy  of  the  WO  molecule 
is  estimated  to  be  about  7*2  ev*  The  results  on  the  (BeO)^  species  are 
stmimarlzed  In  the  table  below*  By  combining  the  partial  pressures  and 
heats  of  vaporization  one  may  obtain  the  entropy  of  vaporimatlon*  This 
together  with  entropy  of  the  solid  would  give  values  for  the  entropy  of 
each  of  the  species  at  about  2200* K»  The  results,  however,  would  be  at 
least  as  uncertain  as  the  percentage  uncertainty  In  the  heats*  The  un- 
certainties of  the  latter  as  estimated  by  the  authors  are  sufficiently 
large  that  very  little  may  be  inferred  concerning  the  structures  of 
these  Interesting  clusters* 
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Composition  of  the  Vapor  Above  BeO(c)  in  a tungsten  Khudsen  Cell  at 
2242*K^  and  Heats  of  Vaporization  of  (BeO)n  Molecules  from  Variation 
of  Partial  Pressure  with  Temperature. 


Molecule 

Fhz^lal  Pressure 

4t 

(1(T®  atm) 

AH2150 

(Kcal./mole  of 

(Be0)n) 

(corz^tad) 

. ■wap 
AHq  ^ 

(Kcal./mole 
of  (Be0)n) 

Be 

0,5000 

0 

0.5000 

- 

- 

0.0200 

- 

• 

BeO 

0.0075 

165.5 

172a 

(Be0)2 

0.0008 

172  ± 8 

185  ± 12 

^BeO)  A 

0.1000 

161  ± 6 

179  ± 9 

(BeO)f 

0.0440 

177  ± 8 

198  ± 12 

(BeOjc 

0.0030 

193  ± 12 

217  ± 18 

Ml 

0.0001 

203  ± 15 

230  ± 22 
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CHAPEER  VX 


HEAT  OF  FGBHKinm  AHD  DISSOCIATION  ENERGY 


G*  T.  Armstrong,  H.  V.  >ftx>lley,  D.  D.  Wagman,  W.  H.  Evans, 
T.  B.  Douglas,  D.  R.  lide,  and  L.  A.  Krleger 


The  heats  of  foimatlon  of  the  elements  considered  in  this  report 
are  listed  in  table  1.  In  this  table  are  shown  the  heats  of.  formation 
in  the  standa^  states  at  and  29d.l^^K  and  the  energy  of  dissociation 
to  atoms  at  0**K  and  298. 15® E.  All  values  in  table  1 are  from  Stull  and 
Sinke  [1]*  except  those  for  fluorine  which  are  based  on  the  correlation 
by  Staa^r  and  Barrow  [2].  Heats  of  foznation  and  dissociation  energies 
at  the  same  temperat\ire  for  the  compounds  and  molecular  species  of  the 
elements  are  shown  in  table  2.  m this  table  the  value  for  a given 
element  or  compound  with  the  smaller  number  of  significant  figures 
indicates  the  accuracy  of  the  value.  Derived  quantities  are  shown  with 
larger  numbers  of  significant  figures  in  some  cases,  to  show  differences. 
Values  are  expressed  in  terns  of  the  defined  calorie:  1 calorie  s= 

4. 18^  absolute  Joules.  !Qie  various  values  listed  for  a given  substance 
are  consistent  with  values  for  (Eg98  - Hq)  given  in  Chapter  II.  In 
many  cases  a Justification  of  the  seledted  value  is  given  in  the  follow^ 
ing  text.  Where  no  Justification  is  given  the  value  is  generally  the 
result  of  a prevlouB  correlation  or  is  the  result  of  the  woz^  of  a single 
author  for  which  reference  is  given.  All  values  are  subject  to  further 
revision  on  the  basis  of  additional  Infozmation  or  further  analysis  of 
existing  data. 

Immediately  following  the  compound  by  compound  discussion  is  a brief 
discussion  of  the  thezmodynamic  relations  in  the  rather  complex  system 
of  solid  oxides  and  oxyhydrates  of  aluminum. 


Ifumbers  in  brackets  refer  to  references  at  the  end  of  this  chapter* 


Table  1 


Standard 

Heats  of 

Formation  and 

Dissociation  Energies  of 

the  Elements 

Substance 

State 

AHf° 

Aa  to 

.gaseous  atoms 

at  0®K 

«.t  298,15°K 

at  0°K 

at  298.15°K 

kcal./mole 

kcal./mole 

kcal.  /mole 

kcal. /mole 

H 

g‘ 

51.621 

52.090 

0 

0 

^2 

g 

0 

0 

103. 21*2 

104.180 

0 

g 

58,980 

59.550 

0 

0 

°2 

g 

0 

0 

117.960 

119.100 

F 

g 

18.55? 

18.860 

0 

0 

F 

2 

g 

0 

0 

36. 714 

37.720 

Cl 

g 

28.51(0 

28.91*2 

0 

0 

CI2 

g 

0 

0 

57.080 

57.884 

A1 

c 

0 

0 

76.940 

77-  500 

A1 

g 

76.91(0 

TT.5 

0 

0 

Be 

c 

0 

0 

76.887 

77.900 

Be 

g 

76.887 

77.9 

0 

0 

Mg 

c 

0 

0 

35.313 

35.600 

Mg 

g 

35.315 

55.6 

0 

0 

Id 

c 

0 

0 

38.050 

38.439 

Id 

g 

38.05 

38. 1*39 

0 

0 
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Table  2*  Standard  Heat  of  Formation  and  Dissociation  Energy 
of  Ccmipounds  and  Gaseous  Metals* 


Substance  State  at  0®K  at  29S*15®K 

kcal/mole  kcal/mole 


Ah  to  gaseous  atoms 

at  0*K  at  29S.15*K  Refer- 
kcal/mole  kcal/n^i® 


Compounds 


Al2 

g 

103.88 

50  ± 30 

AI2O 

c 

g 

-39.4  ±5 

253.93 

AlO 

9 

-88  ± 10 

225.05 

g 

16.92 

16.89 

119  ±3 

120.16 

AI2O2 

g 

104.16 

376  ±30 

AlCfe- 

aq 

-221  ±3 

A1203--T 

c 

>397.5 

-400.4  ±0.3 

728.32 

734.05 

-r 

c 

-384.8  ±8 

718.45 

c 

-394.0  ±8 

727.65 

Al203*H20-^ 

c 

—463.4 

960.78 

•/S 

c 

-478  ±8 

975. '^8 

Al20o*3H2O<5<t 

c 

-615.4  ±12 

1440.24 

V 

c 

-612.6  ±14 

1437.44 

AlH 

g 

58.03 

58  ± 20 

70.53 

71.59 

1 — 1 
1 1 

AIH3 

g 

23 

210.77 

A1(0H)3 

amorph 

-304  ±4 

597.32 

[28] 

AIF 

c 

-102  ±10 

198.86 

g 

-59.97 

-60  ±10 

155.27 

156.56 

AIF2 

c 

-184  ±10 

299.22 

g 

-114  +5 

229.22 

AIF3 

c 

-355.7 

489.78 

g 

-270 

404.O8 

AlF3iH20 

c 

AIF3.3H2O 

c 

AlCl 

c 

-50  ±10 

156.44 

[5] 

g 

-11.34 

-11.3  ±1 

U6.8 

117.74 

AICI2 

c 

-80  ±10 

215.38 

1 — 1 
1—1 

AICI3 

g 

-137.7  ±1.5 

302.03 

AI2CI6 

c 

-337.14  ±.5 

665.79 

[513 

g 

-307.2  ±1.3 

635.85 

[48,51 

Continued 
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Table  2 (cont^d).  Standard  Heat  of  Formation  and  Dissociation  Energy 

of  CcH&poimds  and  Gas^us  Metals • 


to  gaseous  atoms 

Substance  State  at  0®K  at  29S.15*K  at  0®K  at  29^15^K  Refer*- 

kcal/mole  kcal/mole  kcal/moi«  kcal/mole  ence 


Beryllium  Compounds 


®®2 

g 

16  ±10 

BeO 

c 

-243.1  ±4 

g 

29.87 

30.44 

106  ±5 

107.01 

BeH 

g 

77.51 

78.1 

51  ±7 

51.89 

[9] 

Be(0H>2 

c 

-216.8 

517.98 

[2d 

g 

-162.4 

463.  <^8 

BeF 

g 

3.24 

3.80 

92  ±30 

92.96 

BeFi 

c 

-227  ±10 

342.62 

g 

-178 

293.62 

BeCl 

g 

36.43 

56.98 

69  ±30 

69.  B6 

BeCl2 

c 

-109.2 

224.98 

g 

— 

219.78 

g 

459.57 

Ma^esiixm  ConiDOimds 

Hg2 

g 

63.43 

- 

7.2  ±2 

c 

-143.7  ±2 

238.85 

g 

4.29 

4.19 

90  ±5 

90.96 

KgO* 

c 

-148.9 

303.60 

Hgl 

g 

-20.33 

-20.44 

74  ±20 

74.90 

MgFr, 

c 

-2635 

336.82 

C28] 

Mg^'. 

g 

1.85 

1.80 

62  ±20 

62.74 

MgH 

g 

40.93 

40.83 

46  ±10 

46.89 

[423 

Contittiied 


Table  2 (canted)*  Standard  Heat  of  Formation  and  Dissociation  Energy 

of  Compounds  and  Gaseous  Metals. 


‘f 

Ah  to  gaseous  atoms 

Substance 

State 

0«K 

at  298.15»K 

at  0*K 

at  298.15*K 

Refer- 

kcal/mole 

kcal/mole 

kcal/jDole 

kcal/mole 

ence 

Idthium  CcmtDounds 

IdLo 

g 

50.35 

50.47 

25.76  ±0.10  26.41 

no 

g 

14.03 

<83  ±5 

[28] 

U20 

c 

-140.91 

-342.4 

275.99 

278.83 

IdH 

c 

-21.64 

112,17 

g 

33.66 

34.27 

56.01  ±10 

56.90 

IdOH 

c 

-115.03 

-116.4  ±.2 

263.68 

266.48 

liF 

g 

c 

-146.3 

203.60 

C28] 

(UF)l 

UCl 

g 

-77.2 

-77.2 

133.6  ±4 

134.5 

g 

g 

-218.0 

-352.6 

-219,2 

-355.5 

33o,8 

52i:e 

333.8 

527.4 

c 

-97.70  ± 2 

165.08 

C28] 

g 

“43 

-43.8 

110,a±4 

111.2 

CldCl), 

(liCl), 

g 

g 

“140.4 

-220,2 

-141.2 

-222.1 

273.6 

420.0 

’76.0 

24.0 

I42FCI 

g 

-179.2 

-1S0.2 

302. 2 

304.9 

LlH 

c 

g 

c 

-47I2 

[28] 
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Discussion  of  Substances  in  Table  2 


A*  Aluminum  and  its  compounds; 

1.  AlgCg)  Do ^ 50  t 30  kcal/mole  or  2,2  e.v. 

The  dissociation  energy  for  AI2  is  very  uncertain*  Sharma  [4] 
reported  spectra  attributed  tentatively  to  this  molecule.  If  taken 
to  apply  to  the  ground  state,  a linear  Birge-Spoi^er  extrapolation 
gives  a dissociation  energy  of  85  kcal/nK^le.  An  examination  of  the 
behavior  of  vapor  pressure  data  suggests  that  a value  roughly  of  the 
magnitude  of  65  kcal/mole  might  help  some  in  accounting  for  the 
results.  As  a rough  interpolation  between  their  mass  spectroscopic 
value  for  Si 2 and  a value  for  ^2  (see  Ife  i»eference),  Drowart  and 
[5]  have  suggested  a value  of  1. 7 e.v.  'vdiich  is  about 
39  kcal/mole.  The  value  of  5Q  kcal/mole  has  been  selected  arbitrarily, 
presuming  that  the  Blrge-^poner  extrapolation  may  be  high  in  view  of 
the  existence  of  the  lower  estimates. 


2.  Al20(c) 


Gattow  [5]  estimated  A H^fggQ  on  the  basis  of  a Bom- Haber 
cycle  and  recent  literature,  but  n?s‘ value  of  -25  kcal/mole  must  be  dis- 
regarded because,  it  leads  to  a negative  heat  of  sublimation.  No  evidence 
for  the  existence  of  this  solid  has  been  presented. 


3.  ia20(g)  ^f°298  = -39.4  ± 5 kcal/mole. 

For  the  reaction  4 AX(l)  + i AlgC^Cc)  = AlgOCs) 

85  i 5 kcal./mole.  This  v^ue  was  obtained  by  Brewer 
basis  of  an  analysis  of  the  data  of  Dorter,  Schissel, 
and  of  Brewer  and  Searcy  [8],  giving  greater  weight  to  the  former. 
This  leads  to  a value  for  AH®f^3(Al2^  = -39«^*  Gattow  [5] 
estimated  AH°f29S  = kcal/Sle  on  the  basis  of  a Bon>* Haber 
cycle.  See  also  recent  work  by  DeMaria,  Drowart  and  Inghram  C93^* 


and  Inghram  [7] 


k.  A10(c)  ~ IQ  kcal/mole. 

Gattow  [3]  estimated  the  heat  of  fomation  of  the  solid  on  the 
basis  of  a Bom- Haber  cycle  and  recent  literature.  The  existence  of 
the  compound  in  the  solid  phase  is  not  established. 


5*  AlO(g)  Dp  = 119  1 B kcal/mole 

In  still  accepting  Brewer’s  estimate  [5]  of  119  kcal/mole,  we 
note  that  this  value  can  be  obtained  as  an  arithmetic  mean  between 
the  recent  value  of  133*5  - 3 kcal/mole  of  Veits  and  ^urvitoh  Ell]. 


— 


based  on  the  coefficient  of  the  dissociation  reaction  in  an  oxy- 
acetylene  flame,  and  a value  < 104  hcal/mole  more  recently  reported 
by  Inghram,  Chupka  and  BerkOTid.tz  [12],  betsed  on  mass  spectrcweter 
observations.  The  value  giveh  atove  is  in  remarkably  good  agre^ent 
with  the  recently  published  value  of  120  kcal/mole  reported  by  DeMaria 
Drowart  and  Inghram  C933« 


6.  Al202(s)  Dp  = 376  ± 30  kcal/mole 

This  molecule  has  recently  been  observed  and  for  the  reaction 
Al202(g)'  - 2AlO(g)-has  been  estimated  to  be  -I38  ± I5  kcaV^iole 
Dellaria,  Drowart  and  Inghram  F933. 

7*  A10g«  Alumlnate  ion.  ^ ^298  ~ - 3 kcal/mole, 

Kelley,  ^ ^ [I3]  determined  the  heat  of  solution  of  aluminum 
in  potassium  hydroxide  (2U)  12ae  heat  of  formation  of  alumlnate  Ion  In 
a solution  of  25  KA102>  5^*6  KC0  • 96^5  HgO  was  calculated,  usi^ 

-11^*-.  7 ft>r  the  heat  of  formation  of  KCE(aq  2M)and  assuming  the 

ion  to  be  in  its  standard  state.  KO  corrections  for  hydrolysis  were 

applied. 


. Corundum.  ^**f29S  ~ ~4QQ*4  ~ 0*3  kcal/mole. 


There  appears  to  be  little  doubt  as  to  the  value  of  Z^HfgQA* 
The  following  values  have  been  recently  reported  on  the  basis  or 
direct  combustion  of  highly  pure  aluminum  in  oxygen. 


Snyder  and  Seitz  (19^5)  [1^] 
BOlley  and  Huber  (1951)  [15] 
Schneider  and  (^ttow  (195^)  [l6) 
Mah  (l95t)  [XT] 


-399.09  X 0.06 
-JkX);29  ± 0.3 
-J400;6  ± a (-itoai  a) 
± 0.3 


The  only  important  possible  error  appears  to  be  that  suggested  by 
Schneider  and  Gattow,  that  up  to  0.5  per  cent  error  may  be  introduced 
by  fomation  of  some  X - AI2O5  in  the  reaction.  The  value  in  paren- 
thejses  reflects  a suggested  cojrrection  for  this  crystalline  form  by 
Schneider  and  Gattow.  However,  the  possibility  that  any  such  large 
correction  is  required  was  largely  dispelled  by  the  work  of  Mah  [I7] 
who  found  only  a small  quantity  of  product  which  was  not  corundum. 

The  occurrence  of  the  undesired  phase  principally  in  the  dust  col- 
lected from  the  bomb  walls  suggested  that  this  oxide  might  be  most 
troublesome  in  regions  -^diere  the  gaseous  products  are  quickly  cooled. 
The  possible  effect  of  a large  surface  energy  due  to  fineness  of  sub- 
division of  the  product  has  not  been  investigated  directly.  Infoimar- 
tion  about  the  heat  of  foimation  of  AI2O5  at  1120  - 1380®K  may  be 
obtedned  from  the  work  of  Treadwell  and  Terebesi-  [I8]  on  the  oxygen- 
aluminum- aluminum  oxide  electrode. 


Further  experimental  work  on  the  h'eat  of  foimation  of  Al205-<X  is 
described  in  references  [19-29]. 


9.  Al2P^-T  ^ kcal/mole, 

Kelley  et  ^ [133  determined  the  heats  of  solution  of  alimiinum  and 
of  Al20^-/  in  aqueous  KOH.  They  adjusted  their  solution  to  give  the 
same  final  concentrations  in  each  reaction,  and  itemized  corrections 
for  impurities  and  side  effects.  Buchner  [303  carried  out  a similar 
pair  of  reactions  in  which  the  solvent  was  aqueous  HF.  His  work  leads 
to  a value  of  -188.7  Tor  (Al20o->)  which  is  significantly  different 
from  the  work  of  Kelley.  Although  Buchner  ^s  value  for  the  heat  of 

solution  of  A1  in  HF  was  confirmed  by  Wartenberg  [313,  the  more  nega- 
tive value  of  -I92.4  found  by  Kelley  ^ ^ is  more  consistent  with 
other  values  presented  in  table  2.  It  should  be  realized  that  aluminum 
forms  a series  of  complex  ions  both  with  hydroxides  and  with  fluorides, 
each  of  which  may  introduce  significant  heat  effects. 

10.  AI2O3-P  (c)  ^**f298  ~ *"394*0  ^ ^ kcal/mole. 

This  little  known  phase  of  alumina  is  formed  by  vacuum  dehydration 
of  alpha  or  beta  aluminum  trihydrate.  Mchel  [333  measured  the  heat  of 
dehydration  at  210  - 23O®  and  adjusted  it  to  25®C. 

11.  Al20c,(g) 

The  existence  of  this  species  has  not  been  demonstrated.  Warten- 
berg [313  has  estimated  the  heat  of  sublimation  to  be  at  least  I5O  kcal/ 
mole,  and  disagrees  with  the  interpretation  by  Brewer  and  Searcy  of  the 
vaporization  processes.  The  paucity  of  data  upon  which  he  bases  his 
argument  must  cause  it  to  be  disregarded  in  the  face  of  detailed  mass 
spectrometric  data  obtained  by  other  workers.  DeMaria,  Drowart  and 
Inghram  [933  estimate  the  heat  of  atomization  to  be  5OO  kcal/n^ole,  ^ 
value  which  requires  a much  greater  heat  of  vaporization  than  that 
estimated  by  Wartenberg. 

12.  Al203**H20^<\  (c)  Boehmite  AH  f29B  ~ -463*4  — 8 kcal/mole. 

Roth  [323  aeteimined  the  heat  of  dehydration  of  alpha  alumina  mono- 
hydrate by  reaction  calorimetry.  His  value  for  this  process  is  confirmed 
within  0.2  kcal  by  a direct  determination  of  the  heat  of  dehydration  in 
vacuum  by  Michel  [343. 

13 • AI2O3  • H20^ J (c)  Diaspore  AH  fpQ(:^  = ^47B  ± 8 kcal/mole. 

The  data  on  this  compound  are  inconsistent.  The  most  useful  piece 
of  information  for  relating  it  to  other  compounds  is  the  finding  by  Huttig 
and  Wittgenstein  [353  that  the  heat  of  dehydration  of  beta  alumina  mono- 
hydrate to  alpha  alumina  is  the  same  as  the  heat  of  dehydration  of  alpha 
alumina  monohydrate  to  gamma  alumina.  Their  estimate  is  based  on  measure- 
ments of  the  vapor  pressure  of  v/ater  over  the  hydrate. 

14.  Al20^  • 3H20-C’^x(c)  Hydrargillite  AH**f29g  = -6I5.4  ± 12  kcal/mole. 

The  heat  of  dehsdration  of  alpha  alumina  trihydrate  to  alpha 
alumina  monohydrate  was  determined  from  vapor  pressure  measurements 
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by  Fricke  and  Severin  [36].  Tbe  value  is  consistent  with  a value 
determined  from  the  heat  of  solution  of  alpha  alumina  trihydrate  in 
aqueous  sodium  hydroxide  directly  measured  by  Roth,  Wirths  and 
Berendt  [27].  The  latter  value  is  confirmed  within  3 kcal  by  Russe3J., 
Edwards,  and  Taylor  [37l  “who  evaluated  the  heat  of  solution  on  the 
basis  of  a difficult  experiment  on  the  solubility  equilibrium  as  a 
function  of  temperature. 


15.  AlpO^  • 3H2O/3  (c)  Bayerite.  AH  f2ga  = -612,6  ± I4  kcal/mole« 

Mi-chel  [33]  found  0.75  kcal  for  the  difference  in  the  heat  of 
dehydration  of  alpha-  and  beta- alumina  trihydrates  both  yielding 

. Fricke  and  WiiUhorst  [38]  deteimlned  the  heats  of  solution 
of  the  same  compounds  in  aqueous  HF  and  found  a difference  of 
1.25  kcal.  Russell,  Edwards  and  Taylor  [3't]  calculated  the  heats  of 
solution  from  solubility  measurements  in  aqueous  RaOH  and  fo\md  Q-  ^ ^ 
difference  of  2.10  kcal.  An  average  of  1.4  kcal  was  selected.  / ^ 

4 

16.  Alg^Cg)-  Ah** f2Qf^  = 23  kcal/mole« 

There  are  no  available  experlmentaG.  data  for  this  compound. 

Taking  the  bond  energy  from  AlH  ( 70  Kcal)  gives  A Hf  = 23  kcal. 


17.  Al(  oh)  . amorphous . . AH  4 kcal/mole* 

Ro  recent  work  has  been  done  on  this  substance  which  is  not  well 
defined.  The  value  reported  was  found  by  the  heat  of  formation  of 
A1(CE)5  precipitate  by  bases  acting  on  solutions  of  aluminum  salts, 
and  is  reported  in  MBS  Circular  500. 


18.  AU-(9)  ^ -102  ± 10  kcal/mole. 

No  measurements  have  been  made  on  solid  AIF,  and  the  occurrence 
of  this  compound  has  not  been  demonstrated.  Iimann  [391  has  esti- 
mated the  heat  of  formation  to  be  -103  kcal  per  mole,  and  Brewer 
et  [40]  estimated  it  to  be  -102  kcal/mole. 

19.  aIF  (g)  Ah  f2^g  = ±;  10  kcal/mole. 


While  a spectroscopic  value  of  I67  kcal/mole  for  the  dissociar- 
tion  energy  was  obtained  by  Barrow,  Johns  and  Smith  [4l],  they  thought 
it  likely  that  the  excjlted  state  studied  for  this  estimate  had  a 
potential  maxlinum,  so  that  a thermochemical  value  was  prefeorable. 

With  the  heat  of  formation  here  accepted,  A HfggA  = -60  kcal/nole. 

Idle  dissociation  energy  is  taken  as  155* 3 kcal/SSle.  Gaydon  [42] 
has  used  154  kcal/mole,  while  155  kcal/mole  was  given  by  Gross, 

Hayman,  and  Levi  [43]^  with  Barrow,  Johns,  and  Smith  giving 
158,4  kcal/mole  as  their  thermochemical  value. 
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2D.  AIP2(c)  Ah  f2Q^  ~ "184  ^ 10  kcal/mole« 


TtdLs  subst&ace  is  not  Isno-wi.  The  heat  of  foimation  is  esti- 
mated by  Iimann  [593* 


21.  jOTgCg)  ~ ^ kcal/mole> 


The  substance  is  not  kno-wn^  the  heat  of  formation  is  estimated 
by  Irmann  [39]* 


22.  AlF^Cc)  AHfggg^^  kcal/mole 

This  value,  detezmined  by  Gross,  Bayman  and  Iicvi  [^3]  is  the 
only  direct  experimental  determination  and  is  based  on  the  reaction 
of  A1  vith  PbF2  in  a dry  state.  Brever  et  ^ [^]  derived  a value 
of  -323  ± 5 on  the  basis  of  heat  of  hydration  and  heat  of  solution 
estimates.  In  HBS  Circular  500  is  reported  a value  of  -3H  obtained, 
by  a similar  method  of  estimation,  using  different  solution  data. 

HiOTk  vith  hydrates  and  solutions  is  indicated  to  be  very  difficult  by 
the  ■work  of  ihret  and  Frere  [il-2]  idio  found  in  some  cases  up  to  a year 
required  for  achievement  of  equilibrium,  and  therefore  the  direct 
dry  heat  determination  by  Gross,  Hayman  and  Levi  is  preferred. 

AlF:^(g)  Ah  f2Qg  = -27Q  kcal/mole. 

The  heat  of  sublimation  is  obtained  from  ICBS  Circular  500  ‘to  be 
77  kcal  at  1500®K.  An  estimated  correction  to  2^B°K  is  made  giving 
A H subl298  kcal/mole  and  a heat  of  formation  of  AlF^Cg)  of 

-270  kcal/iaole. 

2k-,  AlCl{g)  Do  = 116.8  kcal/mole  or  5*0^ 

A thermochemical  value  by  Gross,  Campbell,  Kent,  and  Levi  [Mt-] 

A = -11.3  kcal/nK^le,  is  accepted  for  AlCl,  giving 

lio  = lio*8  kcal/mole.  For  AlCl,  as  for  AIF,  the  value  obtained  for 
Bo  is  considerably  above  the  result  of  a linear  Birge-Sponer  extrap- 
olation, a situation  typical  for  strongly  ionic  bonding. 

25.  AlC3,:5(g)  ^°£298  =,-137.7  - 1*5  kcal/mole. 

This  value  is  from  data  on  Al2Cl6(c)  and  AH  from  Dunne 

and  Gregory  [^],  Smits  and  Maijering  [^9]^  and  Fischer  and  Rohlfs  [50]* 

26.  Al2Clg(c)  ± 0*5  kcal/mole. 


This  is  obtained  from  heat  of  solution  data  of  Coughlin  [51}  • 


27.  A3-?Cl6(g)  ah  f298  ° -307.2  ± 1.3  kcal/mole. 

vaporization  is  from  Dunne  and  Gregory 


B.  Beryllium  and  its  compOFunds; 

1.  Be2(g)  Dq  = l6  ± 10  kcal/mole 


For  Be2^  Drovart  and  Honig  [3]  have  estimated  that  Do  is  about 
based  on  a graphical  inteipolation  between  elements  for  which 
literatiire  values  exist.  It  woiild  seem  that  such  an  estimate  must  be 
very  uncertain. 

2.  Be0(c)  AH**f298  = “143*1  ± 4 kcal/mole. 

A determination  by  Cosgrove  and  Snyder  [52]  gave  a value 
AHjp(BeO)=  -143.1  t 0.1.  The  sma.1-1  standard  deviation  will  piobably 
cause  this  value  to  be  generally  accepted.  The  principal  criticism 
which  can  be  made  of  this  woik  is  the  failure  to  determine  the  com- 
pleteness of  reaction.  In  a heterogeneous  system  of  refractory  materi- 
als incomplete  combustion  is  sometimes  a serious  problem  (viz.  boron 
oxides).  It  should  be  noted  that  the  two  most  recent  determinations 
for  Z^f°(BeO); -147.3  t 0.6  (Roth,  Borger,  and  Siemonsen  [53])^  sjA 
-143.1  ±0.1,  differ  from  one  another  by  considerably  more  than  the 
uncertainty  estimated  by  the  authors,  a fact  which  suggests  systematic 
errors  in  one  or  both  experiments. 


3.  Be0(g)  Do  = 106  ± 5 kcal/mole  • 

A dissociation  energy  of  IO6  kcal/mole  has  been  accepted  for  the 
present  report  based  gn  mass  spectrometrlc  studies  of  Chupka  and 
Berkowitz  [54]  showing  vapor  species  including  oxide  polymers.  See 
Chapter  V of  this  report.  Some  thermochemical  data  had  appeared 
earlier  to  Indicate  a value  near  the  124  kcal/mole  accepted  by 
Gaydon  [42].  It  appears  that  the  uncertainty  of  the  value  accepted 
could  well  be  increased  to  5 kcal/mole  to  take  account  of  the  possible 
correctness  of  111  kcal/mole  or  4.82  e.v.  obtained  spectroscopically 
by  Lagerqvist  [55]. 

4.  Be(QH)g(g)  ^**1298  " -162.4  kcal/mole.  J 

Using  the  heat  of  formation  of  Be(QH)2(c)  from  ITBS  Circular  500, 
and  vaporization  data  of  Grosswein  and  Seifert  [56]  including  thedr 
Inteipretatlon  of  the  data,  the  heat  of  formation  of  Be(CE)2(g)  Is 
-162.4  kcal/mole. 


-67- 


5-  ^ (g)  Da  = 92  * 50  Iteal/iiKae 

For  BeF  ajod  Bed^  tvo  opposing  effects  are  thought  to  occiir 
relevant  to  the  magnit^lde  obtained  by  a linear  Birge-Sponer  extrap- 
olation. On  the  one  hand,  the  bond  is  partially  ionic  so  the  true 
value  might  be  expected  to  be  above  the  extrapolated  value.  On 
the  other  hand,  one  of  the  atoms  (Be)  haa  a ground  state,  in 
idiich  case  an  opposite  deviation  is  fouiid.  ®ie  view  might  be  taken 
that  either  effect  mi^t  be  the  larger  so  that  the  simple  extrap- 
olated valiie  should  be  used  as  listed  by  Herzberg  [9l>  with  a 
large  uncertainty.  Gaydon  [42]  gives  values  indicating  that  he 
considers  the  i^ucing  effect  to  be  the  larger.  A comparison  of 
heats  of  formation  for  an  extensive  group  of  fluorine  ccanpounds  has 
led  to  a preference  for  Gaydon ^s  value  for  BeF,  viz.,  Dq  = 92  ± 

30  kcal/n^le.  ELs  Indicated  uncertainties  are  increased  somevdaat 
in  the  present  listing. 

BeFp(c)  AH  f2grt  ” -22?  ± 10  kcal/mole. 

Values  for  AEf(BeF2)  are  based  on  a long  series  of  reactions, 
■^diich  do  not  include  a measurement  of  the  heat  of  solution.  Ai 
estimate  was  made  by  Brewer  et  ^ [^iO].  leading  to  a value  for  the 
heat  of  foimation  of  -227.0  ± 10  kcal/mole, 

7.  !BeI^(g)  f 29^  = "^73  kcal/mole. 

Sense,  Snyder,  and  Clegg  [57]  ha7e  measured  the  heat  of  vapori- 
zation of  BeF2(g)  to  1000®  C.  ^e  also  Sense  and  Stone  [58].  With 
the  heat  of  fomation  of  solid  BeF2/  5kcal  for  reduction  to  298® K 
and  an  estimated  heat  of  melting  of  6 kcsl,  this  leads  to  ASf  = 

-178  kcal/mole. 

8.  peCD-Cg)  DR  = 69  t 30  kcal/mole. 

See  BeF. 

AH-'*f29B-  = -109.2,  ±-3  :kcal/mole. 

The  most  direct  ard  probably  best  determination  of  the  heat  of 
formation  is  by  Siemonsen,  Z.  ELektrochem.  327  (l95l)« 

BeCl2(g)  AH°f29g  r;-84  kcal/mole. 

Using  Siemcmsen's  [59]  value  for  the  heat  of  formation  Of  Bed2(c) 
and  sublimation  data  from  I3BS  Circular  500,  the  heat  of  foimatlon  of 
Bedl2(g)  is  found  to  be  —84  kcal/mole. 
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10. 


11.  Becai(g)  AHf  = -ISS  keal/mole 

Using  the  heat  of  sublimation  of  the  dimer  from  irRg  Circular  500 
and  the  heat  of  formation  of  BeCl2(c)  from  Siemonsen  [59 the  heat 
of  formation  of  the  dimer  is  calculated  to  be  -l88  kcal/mole. 


C,  Magnesium  and  its  cogg)Ound3 

1.  )^2(g)^^o  = 7.2  kcal/mole  or  0.31  e.v. 

ihe  dissociation  energy  for  HS2  been  reported  as  estimated 
from  the  band  spectrum  as  0.31  e.v.  or  7*2  hcal/mole  by  Soulen, 
Sthapitanonda,  and  Margrave  (l955)  [60]  and  also  so  resorted  by 
Margrave  (1957)  [6l].  It  had  also  been  reported  as  0.30  e.v.  by 
Hamada  (l93l)  [62]  from  the  interval  between  the  vapor  resonance  line 
and  its  short  wave  cut-off. 

2.  Mg0(c)  AH°f29g  = -143  >7  12  kcal/mole  ♦ 

The  most  recent  value  for  is  -1^3.7  f 0.12 

hcal/mole  deteimined  by  direct  combustfon'by  Holley  and  Biber  [15]- 
It  is  in  good  agreement  with  a previous  value  (l43.8^)  -vdiich  Shomate 
and  Huffman  [63]  obtained  from  the  heat  of  solution  in  HCl,  but  differs 
significantly  from  -l46.l  t 0.3  found  previously  in  Mx>se  and  Itar  [23] 
by  direct  combustion. 

3.  (g)  Po  = 90 'kcal/mole  qr  3^,9 

The  dissociation  energy  for  is  tahen  as  90  kcal/mole, 
reported  as  an  upper  limit  for  Bo  Barter,  Chupka^  and  Inghram  [64] 
on  the  basis  of  observations  on  electron  bombarded  vapor.  Oi  the  basis 
of  flame  studies,  Huldt  and  Lagerqyist  [65]  had  proposed  120  kcal/mole 
and  Veits  and  Guivich  [66]  more  recently  have  obtained  100  kcal/mole. 
Brewer  and  Porter  [67]  had  obtained  109  kcal/mole  on  the  basis  of 
vapor  pressure  and  spectroscopic  measurement.  A spectroscopic  value  of 
85  kcal/mole  was  reported  earlier  by  Lagerqyist  and  Uhler  [68],  based 
on  visible  band  systems^  but  is  presumed  to  be  irrelevant  if  the  proposal 
is  correct  that  the.  ground  state  for  the  molecule  is  not  the  observed 
state  but  an  unobserved  state.  The  question  of  the  ground  state 
was  mentioned  by  Brewer  [69]  and  by  Porter  [70]  and  by  Brewer  and 
Porter  [67].  Gaydon  [42]  has  suggested  that  a triplet  state  may  have 
been  observed  by  Barrow  and  Crawford  [71]. 

1^.  tfeOp(c)  Ah  f2Q^  = -I48.9  kcal/mole. 

Only  one  value  has  b^n  reported  for  the  heat  of  fonnation 
AH^  = -148.9  by  ^^Lumenthal  [72]. 


5.  l^(g)  ^ aO  kcal/mole. 

Idle  iBDlfeciile  is  thought  to  bear  a resemblance  to  BeF  in 
coaabining  opposing  effects  related  to  deviations  fipcsa  the  linear 
Birge-^^poner  eactrapolation.  Similarly^  MgCl  bears  a reseia^lance 
to  BeCD-.  Gaydon^s  [42]  values  have  been  acce[pted  for  this  report. 
!Ehus  ve  have  |^  = 74  t 20  koaJl/mole  fba*  IfeF  and  62  ± 20  kcal/mole 
fbr  M^Cl. 

6.  IfeCl(g)  Dg  =x  62  ± 20  kcal/mole. 

See  1^. 


l>i  J^thlum  and  its  compounds 

1.  ° 50*47  kcal/mole. 

Spectroscopic  and  vapor  pressTire  data  vere  reviewed  by  Evans, 
Jacobson,  Munson,  and  l^agman  [73J*  While  the  present  report 
Involves  slightly  modified  basic  tables  fbr  solid  and  vapor, 
including  isotope  shift  for  the  spectroscopic  constants,  the  pre-^ 
vious  results  for  A'Kf^Q  for  Ug  wuld  apparently  not  be  affected 
to  the  number  of  figures  reported  and  are  hence  retained. 

2.  JjiO  (g)  Bq  ^ t ^ kcal/iBOle. 

A limiting  value  for  Bo(l#iO]  of  85  kcal/mole  has  been  reported 
by  Blue,  Berkovitz  and  CShupka  [T4]  based  on  a mass  speetrometric 
study  of  the  sublimation  of  lithium  oxide. 

5.  I4.h(c)  ° "21,64  kcal/mole, 

®ae  heat  of  foriaation  has  been  determined  by  measurement  of  the 
heat  of  solution  of  lii(c)  and  lilfff  c)  by  Gunn  and  Gi*een  [75]  and 
Messer,  Fasolinoatid  Thalmayer  [T^J. 

4*  ;C4.H(g)  Dp  = 56. 01  ± 10  kcal/mole ♦ 

me  dissociation  energy  Bo  58.01  kcal/mole  obtained  by 
Velasco  [77]  from  spectroscopic  data  ts  accepted  as  the  best  value  at 
present. 

5.  hjQg(c)  Ah  = -116^4  ±0.2  kcal/mole., 

The  heat  of  formation  is  obtained  using  data  of  Gregory  and 
Mohr  [78]  on  the  decomposition  pressure.  Fair  agreement  as  to  heats 
is  obtained  using  data  of  Bitmars  and  Johnston  [79]  although  there  is 
dls€igreement  as  to  the  magnitude  of  the  pressure. 
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6,  lAF(g)  Dp  = 133*6  ± 4 kcal/mole 


For  the  reaction  tflF(c)  = liF(g)^  Pugh  and  Barroy  [80]  give 
A = 62. 7 kcal/mole  and  Pacrter  and  Schoonmaker  [8I]  give  as  an 

average  value  ~ 64.6  kcal/mole.  Taking  the  mean  and 

assuming  that  Affi  ^98  is  -146.3  kcal/mole.  [28]^  a 

thermochemical  cycle  gives  for  Dp  of  lilF(g)  I56.2  kcal.  Theoretical 
calculation  from  an  ionic  model  -which  gave  excellent  agreement 
■with  thermochemical  values  for  ten  other  alkali  halide  diatomic 
molecules  gave  for  LiF(g)  Do  - 131*0  kcal/mole.  From  pho-tochemlcal 
dissociation  Desai  [82]  calculated  Do  = 132.4  kcal/mole.  The  mean 
of  the  first  t-wo  values  is  taken:  Do  = 135»6  ± 4 kcal/mole. 

7.  (uF)a(g)  Pq  ° 33q.8  kcal/mole. 

For  the  reaction  (l4-F)2(g)  = 2LlF(g)  Pugh  and  Bairo-v  [80]  cal- 
culated frcxn  -their  vapoi^pressure  data  AE^q^q  = 33  kcal.^  -this  is 
equi-valent  to  AH1060  55*  1 kcal.  This  value  depends  to  some 

extent  on  their  assumption  of  a value  belo-w  100  cm"^  for  one  vlhra^ 
tional  fundamental  of  the  dimer.  For  the  same  reaction  PDrter  and 
Schoonmaker  [81]  recommended  AH2JQ73  = 64.1  ± 3 kcal.  on  the  basis  of 
their  mass  spectrometrlc  free  energies  and  a dimer  entropy  calculated 
by  the  method  of  Bauer,  Diner,  and  Barter  [83].  The  latter  value  is 
tentatively  adopted  ( AHJjjQTJ  = 64.1  ± 9 kcal.),  as  it  seems  to  lead 
to  a dimerization  energy  more  In  line  -with  an  extrapolation  of  more 
accurately  kno-wn  values  for  seveial  other  alkali  halides;  but  the 
uncertainty  shoiild  probably  be  regarded  as  considerable. 

8.  (llF)^(g)  Dp  = 521*8  kcal/mole. 

PDrter  and  Schoonmaker  *[8l]  and  Berko-witz  and  Chupka  [84]  have 
reported  ion  intensities  attributed  to  (LiF)^.  Though  the  tempera^ 
tures  and  total  pressures  are  not  clearly* defined,  it  seems  logical 
to  apply  their  data  to  the  isomolecular  reaction  2(LiF)2(g)  = 

I*l-F(g)  + (llF)^(g),  "Which  -would  be  expected  to  be  relatively  inde- 
pendent of  temperature,  total  pressure,  and  ionization  cross- 
sections.  The  t"wo  investigations  correspond  to  equilibrium  constants 
for  this  reaction  (calculated  to  be  0.03  i 0.01  at  1000° k)  -vdiich 
differ  by  a factor  of  2.  The  temperature  dependence  reported  by 
PDrter  and  Schoonmaker  is  subject  to  a very  large  percentage  uncer- 
tainty, but  seems  to  correspond  on  the  average  to  AH  = 3 kcal.,  which 
is  consistent  -with  their  estimate  of  50  kcal  < HiQ'73  ^ kcal.  for 
the  reaction  (llF)5(g)  = (HF)2(6)  + HF(g).  Ihe  tabulated  dissocia- 
■tion  energy  of  (HFJ^^g)  is  based  on  the  assumption  that  for  -this 
peiurtlon  = 5o  ± 8 kcal. 
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9.  (UF)a(g) 

Berko-witz  and  Chupka  [8I4-]  report  a very  low  ion  intensity- 
attributed  to  this  molecule.  IBiis  result  seems  surprising  in  view 
of  the  relative  stability  -which  this  molecule  might  be  expected  to 
have  in  a cubic  configuration,  not  to  mention  other  configurations 
-which  may-  also  be  important  in  a comprehensive  statistical  treat- 
ment [85].  APPa^^tly  no  heat  of  dissociation  of  this  molecule  has 
been  estimated,  and  none  is  recommended  here. 

10.  LlCl(c)  = -97.70  ± 2 kcaVmole. 

A recent  measurement  by  Siemonsen  and  Slemonsen  [88]  by  direct 
ccaabination  of  the  elements  is  in  disagreement  by  about  5 keel  -with 
measurements  in  aqueous  solution  [28].  Because  of  the  weight  of 
evidence  for  the  latter,  no  change  is  recemmended  until  the  reason 
for  the  difference  is  clarified. 

la.  laCl(g)  Dp  ° 110.4  ± 4 kcaVmole. 

Ihe  dissociation  energy  assumed  was  calculated  to  be 

110.^  ± ^ kcal/mole,  using  the  same  type  of  thermochemical 
cycle  as  for  IlP(g).  In  this  calciilatlon  the  apparent  fSecond-Law" 
heat  of  evaporation  of  liCl(l)  [28,  p.  79^]  was  increased  by 

kcal/mole  to  correct  for  the  presence  of  dimer  and  trimer  in  the 
vapor  according  to  the  results  of  MLller  and  Kusch  [86,87];  in 
addition,  AHf^^g  of  liCl(c),  was  assumed  to  be  the  average  of  the 
t-wo  values  -97*  7^  kcal/mole  [28,  p.  433]  resulting  from  a thermo- 
chemical  cycle  and  -9^-8  kcal/mole  found  [88]  by  direct  combination 
of  the  elements.  From  the  pho-tochemical  absorption  limit  Desal  [82] 
obtained  Bq  = II8.O  kcal/uK>le,  but  the  theimochemlcal  value  is 
considered  to  be  more  reliable  because  the  thermal  data  are  precise. 

12.  (lJ.Cl)p(g),  (I4.cl):^(g)  Dp  = 273.6,  420.0  kcal/mole. 


Prcmi  an  analysis  of  their  molecular-beam  data  at  a -total 
pressure  of  10*" ^mm  Miller  and  Kusch  [86]  repoited  for  the  two 
reactions  (liCl)2(g)  - 2I*iCl(g)  and  (LiCl)5(g)  =;  (liCl)2(g)  t I^I-Cl(g) 
the  respective  values  - 31.I  ±0.3  Kcal.  a^  - 34.2  ± 

1.8  kcal.  They  calculated  also  the  equilibrium  constants  for  these 
reactions;  under  these  conditions  they  found  lithium  chloride  vapor 
to  contain  more  dimer  than  monomer,  and  a few  per  cent  of  trimer. 
Iheir  detection  was  subject  to  more  uncertainty  than  in  the  case  of 
alkali  halides  other  than  lithium  salts,  and  their  statements  of 
precision  have  been  criticized  as  being  much  -too  small  indications  of 
the  true  uncertainty  by  Bauer,  Diner,  and  B>irter  [83],  who  however 
arrived  at  a value  of  AE  for  the  first  reaction  above  which  diffeirs 
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fortuitously  by  only  0.2  kcsl.  Miller  and  Kusch's  values  have  been 
assuioed. 

13.  I4.^Cl(g)  Dp  ° 302.2  kcal/mole. 

It  appears  that  no  evidence  of  the  existence  of  this  molecule 
has  been  reported,  but  its  importance  can  be  predicted  on  theoretical 
grounds.  It  may  be  noted  that  for  the  reaction  (HF)2(g)  + 

(iraF)2  ^ 2NaIdF2/  i^^  vhich  a somevhat  analogous  molecule  is  formed. 
Barter  and  Schoonmaker  [8I]  found  approximately  AS®  ;=  eu  .and 
A ET  - -0. 2 kcal.  f which  ccmipare  favorably  with  the  respective 
values  KLn  ^ and  zero  roughly  predicted  frcan  symmetry  considerations. 
Hhe  tabulated  dissociation  energy  of  LioFCl(g)  is  based  on  the 
assumption  that  for  the  reaction  (HF)2ts)  + (H Cl)  2(g)  - 
2Ii2FCl(g),  AHp=0. 


A Brief  Review  of  the  Heat  ReXationships  Among  the  Crystalline 
Oxides  and  Qxyhydrates  of  Alnmininn 

The  principal  solid  oxide  of  aluminum  is  Al20^.  Lower  crystalline 
oxides  have  been  proposed  and  seme  calculations  made  concerning  their 
stability,  but  no  experimental  heat  measurements  involving  them  have  been 
made*  Examination  of  the  reported  crystalline  forms  of  aluminum  trioxides 
(alumina)  and  the  formulas  and  crystalline  forms  of  hydrated  alumina  indicate 
that  the  phase  behavior  of  the  aluminiim-oxygen-water  system  is  only  very 
imperfectly  known*  For  example  Russell,  et  al  C89]  list  the  properties  of 
nine  crystalline  forms  of  AI2O3  and  name  two  other  forms  that  have  been 
reported*  In  addition  to  an  amorphous  precipitated  hydrcsiide  of  indefinite 
composition  there  are  a monohydrate  and  a trihydrate,  each  of  which  exhibits 
two  well  known  crystalline  forms*  A third  crystalline  form  has  been  re- 
ported for  the  monohydrate,  and  there  are  a number  of  transition  hydrates* 

The  phase  relations  in  this  group  of  can^ouids  have  not  been  clearly  defined 
and  most  of  the  phases  of  alumina  named  are  not  shown  on  any  published 
phase  diagram* 

Accurate  heat  measurements  on  AI2O3  have  been  limited  to  ®<  and  y 
phases*  The  exact  identities  and  theimal  stabilities  of  the  other  phases 
of  AI2O0  appear  not  to  have  been  established  except  for  an  indication  by 
Michel  133]  of  certain  heats  of  dehydration  leading  to  the  phase*  Some 
of  these  phases,  such  as  that  called  X-j^ase  by  Schneider  and  Gattow  Cl6] 
may  be  important*  For  instance  the  latter,  appears  to  fom  ^en  the  ^l^inum 
combust iSa^  products  are  quickly  cooled^-im  the  basis  of  its  location  \dien 
found  in  bomb  calorimetric  experiments*  There  is  a considerable  body  of 
literatui^  dealing  with  the  heats  of  dehydration  and  hydration  involving 
the  mono-and  tri-hydrates  and  certain  transition  hydrates*  While  the  data 
may  be  of  value  in  estimating  relative  stabilities,  it  does  not  appear  to 
be  sufficiently  definitive  to  allow  accurate  assignments  of  heats  of  foma- 
tion  in  all  cases.  See  References  [89,90]  for  a discussion  of  themal 
processes  observed  in  the  hydrates*  There  follows  a summary  of  experimental 
heat  measurements  which  have  been  made  on  the  interrelationships  of  members 
of  this  group  of  compounds*  The  numerous  measurements  are  by  no  means 
internally  consistent*  This  discussion  provides  the  basis  for  the  selection 
of  values  for  the  heats  of  formation  in  Table  2* for  these  compounds  and  for 
the  brief  previous  discussion  of  each  cempound  listed* 


SvDinaxy  of  sources  of  infonsation  on  aXumizxnsi  oxides  and  oxTi^ydrates* 


!♦  Buchner  C30]  measured  the  heat  of  solution  of  aluminum  and  of  Al20y^') 
in  20^  aqueous  HF. 

a.  A1  + 3HF(20^  aq«)  *»  AlFo(a^)  + 3/2  H2(g)  AH  - - 123*9  kcal/aole. 
b*  JAI2O3-  r * 3HF(2Q^  aq)  « klF^iaq)  + 3/2  H2O  AH  « - 37.8 

2*  Wartenberg  C3I]  confimed  Buchner’s  value  for  reaction  l*a*  (above) 

A1  + 3 HF  (12^  aq)  « AIF3  aq  + 3/2  H2(g)  AH  « - 124.4  ± 1 

3*  Kelle^r  et  al  [I3]  determined  the  heats  of  solation  of  aluminum  and 
of  Al20<^  ^ in  aqueous  KOH* 

a*  Al  ^ K(M(&q  2M)  + H20(l)  - + A102-(aq)  + 3/2  H^fe)  AH  - - 9S.010 

± 0.126 

b.  Al203^y-^  K0H(aq  2M)  « ♦ A102“  (aq)  + i H20(l)  AH  - -8.O64  ±0.500 

4.  Fricke  and  WuUhorst  (and  Wagner)  [3d]  detexmined  the  heat  of  solution 
of  alpha  alumina  trihydrate  and  of  beta  alumina  trihydrate  in  aqueous 
HF 

a, *  i Al20,.3H20  -x+  3 HF  (,12%  aq)  - AlFoCaq)  + 3H20(l)  AH  - - 36.59  ± 0.2 

b.  i Al2<5.3H20-;j  ♦ 3HF(I2^  aq)  - AlF3(aq)  + 3H2OT1)  AH  = -37.84  ± 0,3 

5.  Fricke  and  Severin  [36],  frcm  water  vapor  pressure  measurements, 
deten&i&ed  the  heat  of  transition  of  bbhmite  to  bayerite  and  hydrar* 
gillite 

a.  iAl203.H20  + H20(g)  « Al203.3H20-^  AH  ^ ^ 16.2  kcal. 

b.  iU2(^,%0-.^  ♦ H20(g)  - i Xl203,3H20-^  AH  - - IS.I5  Wal 

6.  Roth,  Virths  and  Berendt  C27)  deteisdned  the  heat  of  solution  of  alpha 
alumina  trlhydz^ate  in  aqueous  sodium  hydroxide.  We  adjusted  the  value 
to  2?8.15*K. 

^ M&(AQ0  g.  30f)  -•  Na*^  ♦ Alpa*  ♦ 2%0  AH  • 3#95 

7^  Bo<^  C3f2]  detazBdxfisd  the  baat  of  traneiiiw  of  three  aeaplae  of  hydrated 
jr  -AI2O3  to  <K-Al203  by  heating  throu^  the  transition  in  a bomb,  axvi 
by  adjiisting  for  the  composition  of  the  starting  materials  derived; 

a.  iAl20o-  ^ • iAl20o-cs.  AH  » - 3*9  kcal/n*ole« 

b,  ^203.H20-<  - iAl20o-<*.  ♦ iHoO(l)  AH  - 1.2 

e.  2Al2®3*3H20”^  “ ^41203— vi  * 3/2  HjjO(l)  AH  — 5*65 
and  further  derived 

d.  iAl203.H20-^  - iAl203-  ^ + iHoO(l)  AH  - + 

0.  iAl203.3H20-o<  = iAl203-  >'  + 3/2  H20(l)  AH  - + 9.6 

8.  Russell,  Edvrards  and  Taylor  [37]  determined  the  solubility  equilibria 
in  sodium  hydroxide  solutions  of  the  al;ha  monohydrate  and  alpha  aixl 
beta  trihydrates  of  alumina.  From  these  equilibria  be  calculated  heats 
of  solution. 

a.  Ja1203.H2O-«^  •••  Na0H(aq«o)  « Na*  ♦ A102""(aq.  sat)  H20(l)  ■»  4*76 
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+ MG&(9.qp  oO  ) • Ba*^  ♦ ilC^**(aq^  sat«)  # aH^OCl) 

cSktt 

c«  h^2^3T^2^B  *•*  Na0H(aq,€O  ) •Na’*'^  A102^(aq,  sat.)  -i-  SH^OCl) 

9*  Ihittig  and  Wittgenstein  C353  detexiained  the  vapor  pressures  of  water 
during  the  deh^^dration  of  alj^  and  beta  zoonoh^rate  and  the  stepwise 
dehg^drati^  of  al^^  trih3rdraie  of  alumina.  Prom  their  vapor  pressure 
equations  the^r  derived  the  heats  of  reaction. 

a.  iAl20o.H20»  c^  “ Ml20^  Y ♦ ^H20(g)  t£L  * 15*9  kcal. 

Ml2Go.H2<^  B - M1203-OC  ♦ jH20(g)  AH  * I5.9  kcal. 

5a120^.3H2^^  • sAl203#H20*A  ♦ H2O9S)  ■ 21.57  kcal. 

d.  aAl20^.H2(^  /3  * 2AI2OJ—  j * iH2^(sT  “ 14*25  kcal. 

10.  Michel  [33]  calorimetrically  studied  the  dehydration  of  alpha  and  beta 
alumina  trihydrates  in  vacuum  and  detemined  the  heat  of  dehydration 
to  form  rho  phase  alumina.  Values*  were  adjusted  from  210  - 230*C  to 
25®C. 

a.  4A120o#3H20-^c^  * ‘•‘3/2  %0(s)  M - 24  kcal. 

b.  sAl2(^#3Ba<Vg  • sAl20^(p)  + 3/2  i^o(g)  AH  « 23.25 

11.  Michel  C343  calorimetrically'  studied  the  dehydration  of  alpha  alumina 
monohydrate  in  vacuum  to  form  gaama  alumina.  Measurements  made  at  500*0 
were  adjusted  to  25*0. 


12.  Klever  C37}  gives  the  heat  of  solution  of  bay'erite  in  aqueous  HjF  as 
functions  of  teu^ratiire  and  concentration. 

13.  See  KBS  Circular  500  for  ref erences  to  the  work  of  B|ui,  Berthelot 
and  Thomsen^  leading  to  a value  for  the  heat  of  foxmation  of  Al(GR)^ 
precipitate. 


The  reactions  given  above  lead  to  thexmal  relationships  between  the 
various  species  of  aluminum  compounds  as  listed  in  Table  3 > below.  These 
relationships  are  intended  to  reveal  consistencies  and  inconsistencies  in 
the  findings  of  the  various  workers  and  therefore  obviously  do  not  them- 
selves form  a consist^t  set  of  relationships.  By*  their  use  several 
quantities  were  selected  on  the  basis  of  the  type  and  manner  of  conduct 
of  the  experisients  and  the  consistency  with  other  related  quantities,  to 
represent  the  best  values.  Individual  measurements  rather  than  averages 
were  generally  selected.  In  delving  the  relationships  shown  the  required 
heats  of  fomation  for  H20(g),  H20(i;  and  for  several  substances  in  solution 
w^e  taken  from  KBS  Circular  5^0. 


AH  - 10.2  kcal 
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Figure <.1  shows  the  energy*  states  of  the  alTzadnoa  cceqpotmds*  In  thie 
figure  is  shown  a closed  cycle  involving  Al,  Al20^  t , * 

Al2C^*3H20- f Alp2**  which  is  internally  consistent  and  which  provides 
strong  evidence  for  the  validity  of  the  values  selected  ifor  these  compounds* 
Sach  transition  required  is  baaed  closely  on  original  data  without  significant 
adjustment* 
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ENEEGY  LEVELS  IN  THE 
AILMINU1W)XYGEN-0XYHIDRATE 
SYSTEM 

Energy  values  and  differences  are  given  in  kilocalories  per  mole# 


Al(g)  r 

77.5 


P (-197) 


iAl203.3H20^X)  (-307.7)  1. 


S 

t^306.3) 


— -304 

amorphous 


Figure  1 
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Table  CS^aer^ed  Tta^HnaX  BeXatlonships  in  CiystalUne  Aitnirt  ititifc  - 
Obtxde  - 0]tjli(jrdrat6  System 


(Because  derived  Ttqol  conflicting  observed  data  the  relationships  below 
are  not  internally  consistent  and  are  for  diseussipn  only). 


Equa- 

tion 

1 
2 
3 
k 

5 

6 

7 

a 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 


Source 


(a) 


see  p.  63  AHf  (5Al203-o<)  « - 200.2  (selected) 
1,2  AHf  (iAl203-  r ) « - 1S8.7 

AHf  (SAI2O0- JT  ) « ^ 192.4  (selected) 
AHf(iAl2(^.3H20-CX  ) « - 292.75 
AHf  (AlOg-;  « - 221.0 
AHf(A102-: 


3 

4,2 

3 

6 


8 

4 

8 

10 

7(b) 

11 

8 

5 
5 
9 
9 
9 
9 
7 
7 


) 


(AlOg-)  » AHf(iAlg03.3Ho0-.o( 

+ 86.76  (86.70  selected; 

AHf(AlOg-)  « AHf(iAl203.3HgO-.o() 

+ 89.02 

£Hf(iAl203.3H20-Q)  wM 

+ 1.25  ± 0.5 

AHf  (JAI2O3.3H2O-/3  ) “ AHf  (^Al203,3H20-oO  HaOB  ooXubility  vs 
+ 2.10  temp. 


Method 

direct  combustion 
tip  solution  heat 
K(H  solution  heat 
HP  solution  heat 
KOH  solution  heat 

MaOH  solution  heat 
NaOH  solubility  vs 
temp. 

HP  solution  heat 


AH£(iAlg03.3H20-/3  ) * AHf  (^Al203.3HgO^  direct  heat  of  de- 
« + 0.75  ± 0.25  , hydration^ 

AHf(|Alg03-  Y ) “ AHf  (^AlgOo.HgC^o()  BCJ.*HP  solution  heat 

+ 39.29  (39.3  selected) 

AHf  (jAlgOo— IT  ) * AHf  (^Alg03.Hg0-o()  direct  heat  of  de- 

+39.1  hydration 

i5kHj^(A10g“;  * AHf  (^Alg03.HgO-o()  + 18.21  NaOH  solubility  vs 

tecQ). 

AHf(iAlg03,3Hg0-;3  ) » AHf  (iA2^03.Hg0-oC) 

-74.0  HgO  vapor  pressure 

AHf  (iAlg03.3Hg0-o<)  « AHf  (^Alg03.H20-c^)  HgO  vapor  pressure 
75 *95  (selected) 

AHj^(^Alg03,HgO-/3  ) « AHf  (^Alg03.3HgO-o()  HgO  vapor  pressure 

+ 79.37 

AHf(iAl;^p3-r)  - AHf(^Alg03.HgCWi3) 

* 43.15 

Mf(iAlg03.Hg0  -/9)  - AHf(^g03-<A) 

**44.8 

AHf(^20o.HgO-oC)  » AHf(i^03»r) 

- 44,8  ^ 

AHf(^g03.3Hg0-(X)  - AHf(iAlg03-f  ) 

- 112.08 

AHf(iAlg03.3Hg0-CX)  « AHf  (iAlg03-c^) 

- 108*13 


HgO  vapor  pressure 
HgO  vapor  pressiire 
HgO  vapor  pressure 
HP  solu&ion 


Heat  of  transition 
in  bomb 
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Table  3 (cont'd).  Observed  Thermal  Relationships  in  Crystalline 

Al-uminum  - Oxide  - Oxyhydrate  System 


Equa 

tion 

22 


23 


Source 
Ref*  > 

v(t>)  AHf(iAl20^  .H20-a)  = AHf (iAl20^-r) 

-39.2  ■ 


10  AH^(iAl20  -p)  = AHj.(iAl20^.3H20-a) 

+110.7  (selected) 


Method 


Heat  of  transition 
in  bomb 

Direct  heat  of  de- 
hydration 


(a)  Unless  otherwise  indicated  source  refers  to  the  summary  list  of 
sources  immediately  preceeding. 

(b)  Because  of  the  method  of  performing  the  experiment,  reactinrn  7d,  the  sum 
of  reactions  7a  and  7b,  is  considered  to  be  at  least  as  accurate  as  if  not 
more  accurate  than  either  7a  or  7b  separately,  and  can  be  used,  despite  the 
inconsistency  of  the  heat  value  of  7a  with  that  adopted  in  this  report  for 
the  difference  between  Al^O^-aand  Al^OjY* 
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CHAPTER  VII 


PREPARATION  AND  PURIFICATION 
hj 

Connie  L.  Stanley,  Medc  Hellmann  and  Thomas  W.  Mears 


I.  Oxides  and  Hydroxides 
A.  Alumina  and  Its  Hydrates 

The  origin  of  the  names  of  the  aluminas  is  diverse.  Some  of  the  original 
names  have  been  discarded  and  new  ones  added  as  new  phases  have  been  identified 
or  suspected.  Table  1,  taken  from  the  report  of  Russell  et  al,  [l],  gives  the 
best  established  nomenclature  for  the  aluminas.  Several  of  these  are  still 
disputed.  The  properties  of  some  of  the  aluminas  are  given  in  table  2,  taken 
from  Ervin  and  Osborne  [2]»  The  dehydration  and  hydration  processes  shown  in 
table  3 are  taken  from  Tertian  and  Pap ee  [3]*  This  table  shows  a rho  (p)  form, 
not  listed  in  tables  1 or  2,  which  results  from  the  low  pressure  dehydration 
of  gibbsite  and  bayerite. 

The  methods  of  preparation  are  numerous.  However,  most  of  them  involve 
the  dehydration  or  hydration  of  one  of  the  aluminas  or  their  hydrates.  Pro- 
cedures for  preparing  the  aluminas  listed  in  table  1 are  discussed,  with  the 
exception  of  kappa  alumina. 
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e is  the  extraordinary  light  path,  and  u the  ordinary  light  path  through  a uniax-ifil  os^it#l  dycrbem. 
a,  p,  and  y are  the  optical  axesj  of  a biaxial  crystal  system# 

Misprint  in  Ref#  [i^];  corrected  by  Ref.  [l]# 
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Irensfcraiations  upaa  dehydratiDn  and  reiiydration  of  alumina  and  Its  hydfAtaW 
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1. ) Gibbs it e , alpha-Al20^ ’ ^^2^ 


! 


a)  Prepare  alumiaum  hydroxide  gel  by  r^^acting  aluminum  nitrate  with 
ammonium  hydroxide.  The  gel  is  heated  for  6 days  at  110°C  at  a water 
pressure  of  20.8  psi  to  yield  gibbsite  [2]. 

b)  In  the  majority  of  references  this  compound  was  either  prepared  by 
the  Bayer  process  or  obtained  commercially. 


2 . ) Bayerite , beta-Al20^ ' ^^2^ 

a)  Carbon  dioxide  is  bubbled  through  a cold  solution  of  sodium  aluminate. 
The  precipitate  is  washed  free  of  carbonate  ion  and  dried  at  110°C  [ll]. 

_2 

b)  Gibbsite  is  dehydrated  at  200°C  under  vacuum  (10  mm  Hg)  to  yield 
rho-alumina  which  is  rehydrated  to  bayerite  with  water  at  25°C  [3]* 

c)  Aluminum  foil  (99*99?)  is  cut  into  small  pieces  and  degreased  with 
freshly  distilled  acetone.  Amalgamate  the  aluminum  with  0.1  N merciiric 
chloride  solution.  Wash  thoroughly  with  distilled  water  and  finally  with 
conductivity  water.  The  washed,  amalgamated  aluminum  is  placed  in 
conductivity  water  protected  from  carbon  dioxide.  The  product  separates 

as  a gray  substance  which  becomes  pure  white  when  the  reaction  is  completed. 
This  takes  about  a day.  The  amorphous  gel  passes  over  to  bayerite  on 
standing  [12]. 


3 . ) Boehmite , alpha-Al20^ • H2O 

a)  Gibbsite  is  heated  for  8 days  at  140*^0  with  water  at  a pressure  of 
52  psi,  or  gamma-alumina  (see  6)  or  hydrated  alumina  gel  (see  l.a.)  is 
heated  for  120  hours  at  285°C  and  under  a water  vapor  pressure  of  I5OO  psi  [2]. 

b)  Gibbsite  is  rapidly  i^ited  under  vacuum  at  200®C.  The  heating  is 
continued  for  I6  hours  [13]« 

c)  By  digestion  of  the  alpha-alumina  trihydrate  in  water  at  200°C  [5]. 
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4.)  Diaspore,  beta-Al^O^'H^O 

a)  Diaspore  crystallizes  from  the  systems  NaOH-H20-Al20o  and 
NapCO^-HpO-A1^0«  when  sealed  in  a silver  tube  enclosed  in  a thermostated 
autoclave.  Before  sealing  the  tube,  a seed  of  corundum  crystal  with  the 
desired  orientation  is  mounted  in  the  inner  tube.  The  concentration  of 
the  sodium  hydroxide  or  sodium  carbonate  solution  should  be  between  1 and 
2 molar.  The  inner  tube  should  be  between  0.70  and  0.85  percent  full  [14]* 


5.)  Corundum,  alpha-^Al^O^ 

a)  Gamma-alumina  (see  6)  or  aluminum  hydroxide  gel  (see  l.a.)  are  heated 
for  47  hours  at  440 ®C  under  a water  vapor  pressure  of  450  psi  [2].  Pine 
grain  diaspore  crystals  were  used  as  seeds. 

b)  Gibbsite  is  heated  for  one  hour  in  dry  air  or  steam  at  1200oc  [5]. 

c)  Any  of  the  forms  of  alumina  when  heated  in  air  at  1100®  to  1200®C  are 
converted  to  corundum  [3]- 


6.) 


Gamma-alumina,  gamma- A 1 


a)  By  slow  dehydration  of  boehmite  at  atmospheric  pressure  at  temperatures 
up  to  400°C  [3]. 

b)  Boehmite  is  prepared  by  the  i^ilzion  of  gibbsit.e  under  vacuum.  On 
subsequent  ignition  to  550®C  in  air,  the  boehmite  decomposes  to  gamma- 
alumina  [13]* 

c)  The  gelatinous  boehmite  precipitate  is  heated  in  dry  air  at  600 ®C 
for  an  hour  [5]- 


7 . ) Eta-a lumina , e t a-A  ^2^^ 

Bta-alumina  is  prepared  by  slow,  dehydration  of  bayerite  at  200 ®C 
imder  atmospheric  pressure  [3]» 


8.)  Delta-alumina,  delta-Al^O^ 

a)  Delta-alumina  may  be  prepared  by  progressively  heating  gamma -a lumina 
in  air  from  AOO®  to  900®C  [3j. 

bO  By  heating  a gelatinous  precipitate  of  boehmite  at  1200®  for  one 
hour  [5]. 
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9*)  Chi-aliimitia,  chi-Al^O^ 


Chi-alumina  is  prepared  by  slow  dehydration  of  gibbsite  under 
atmospheric  pressure  and  temperatures  up  to  900®C  [3J- 


10.)  Theta-alumina,  theta-Al20^ 

a)  Precipitated  bayerite  heated  in  steam  for  one  hour  at  lOOO^C  yields 
theta-alumina  [5]* 

b)  By  heating  eta-alumina  up  to  900°C  in  air  [4]* 
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Alumina  and  Its  ^drates 
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3.  Beiyllium  Oxide  and  HydroMde. 

Liter^iture  on  the  preparation  of  the  oxide  and  hydroxide  of  beryllium 
Is  limited.  It  seems  that  they  can- be  obtained  commercially  in  fairly 

states,  thus  reducing  the  handling  of  these  beryllium  compounds  which 
are  considered  toxic. 

Apparently  there  is  only  one  form  of  beryllium  oxide,  but  there  are 
literature  references  to  a~  and  p-  beryllium  hydroxide.  Beryllium  oxide 
forms  hexagonal  crystals  when  heated  near  its  melting  point  (2530°C) * The 
density  of  the  oxide  is  around  3-18  g/cc. 

Some  procedures  for  prepardhg  bei*yllium  oxide  and  beryllium  hydroxide 
are  given  in  the  following  section 


1.  Beryllium  Oxide 

a)  Dehydrate  beryllium  hydroxide  (See  2a)  by  heating  slowly 
up  to  800°C  to  obtain  the  oxide,  95-97  percent  pure . 

b)  Dehydrate  beryllium  hydroxide  (See  2b)  to  oxide. 

c)  Beryllium  oxide  of  exceptional  fineness  and  high  purity 
are  produced  by  introducing  BeC4'2  vapor  under  its  own  vapor 
pressTire  or  carried  in  a stream  of  preheated  air  into  an 
empty  tubular  insulated  reactor,  surrounded  by  an  annular 
blanket  of  flame  produced  by  burning  a gaseous  mixture  of 
hydrocarbon  and  oxygen.  There  must  be  sufficient  hydro- 
carbon to  insure  complete  hydrolysis  of  all  the  h3rdrolyzable 
halides  and  sufficient  oxygen  for  complete  combustion  of 
all  the  hydrocarbon (1 ) . 

2.  Beryl liuJI  Hydroxide 

a)  Electrolyze  in  a cell  with  graphite  electrodes,  with 

an  aqueous  solution  of  sodium  chloride  in  the  anode  compart- 
ment and  a solution  of  sodium  fluoberyllate  (Na^BeF^)  in 
the  cathode  compartment.  The  current  density  may  be  varied 
from  1 to  12  amp.  per  sq.  decimeter.  Filter,  wash  thoroughly 
and  dry  the -beryllium  hydroxide  precipitate  from  the  cathode 
c ompartment  ^ ^ ’ . 

b)  Electrolyze  a solution  of  beryllium  salt  in  a S-shaped 
cell  under  the  following  conditions:  20  to  2000  v,  25  to 
30  ma,  and  for  3-30  days.  The  beryllium  hydroxide  is 
obtained  in  a crystalline  state  at  the  cathode 
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Beryl  .11 'um  Oxide  and  hydroxide 
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C.  Magnesium  Oxide  and  Hydroxide 

Very  little  appears  in  the  recent  literature  regarding  the  preparation 
and  purification  of  MgO  and  Mg(0H)2*  However,  it  would  seem- that  the  same 
general  techniques  as  are  employed^in  the  preparation  and  purification  of 
the  lithium  oxide  and  hydroxide  could  be  employed.  If  magnesium  of  suffi- 
cient purity  cannot  be  obtained  industrially,  it  could  probably  be  purified 
by  zone-melting  techniques.  As  with  all  alxali  or  alkaline  earth  hydroxides, 
carbon  dioxide  must  be  kept  out  of  contact  with  them.  With  the  oxides. 

Water  also  must  be  absent. 

Magnesium  hydroxide  occurs  in  a hydrated  form,  although  the  degree  of 
hydration  is  not  uniform.  A method  of  preparing  crystalline  magnesium 
hydroxide  is  presented  in  a British  Patent [l],  although  the  language  of  the 
abstract  is  vague. 

Magnesium  oxide  is  prepared  by  thermal  decomposition  of  the  hydroxide, 
carbonate  or  nitrate.  This  method  of  preparation  yields  a fluffy  micro- 
crystalline  powder.  Magnesium  oxide  may  be  prepared  in  a crystalline  form 
of  density  3*56  g/cc[2]  by  heating  nearly  to  the  melting  point  (2800^C) . 


• Magnesium  Oxide  and  Hydroxide 
REFEREINCES 

[1] ,  Heinz  and  Chesney  - British  Patent  571,467,  August  27,  1945* 

[2] ,  Thome  and  Ward,  ^Ephraim”  Inorganic  Chemistry.  Nordeman 

Publishing  Co.,  NeW  York  (1939) 
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D.  Lithium  Oxide  and  Lithium  I^droxide 


There  are  five  well  known  compounds  of  lithium,  hydrogen-,  and  oxygen: 
lithium  hydroperoxide  monohydrate  (LiO^H-H^O) , lithium  peroxide  (Li202) > 
lithium  hydroxide  monohvdrate  (LiOH*H2u) , anhydrous  lithium  hydroxiiM  (LiOH) , 
and  lithium  oxide  (li_0). 


These  compounds  may  all  be  prepared  either  from  pure  lithium  metal  or 
lithium  hydroxide  which  is  available  commercially  (Metalloy  Corporation) . 

Upon  heating,  the  more  highly  hydrated  or  oxidized  form  exists  in  equilibrium 
with  the  vapor,  hence,  in  order  to  push  the  reaction  to  completion  these 
vapors  must  be  removed.  At  the  same  time,  extreme  care  must  be  used  to  pro- 
tect the  products  from  water  vapor  or  carbon  dioxide. 


1)  Preparation  of  lithi-um  hydroperoxide  monohydrate:  This 

m*aterial  is  prepared  by  dissolving  pure  lithium  metal  in  alcohol  until  the 
precipitate  of  lithium  ethylate  becomes  very  heavy.  In  some  cases  it  is 
desirable  to  filter  and  dry  the  lithium  ethylate.  In  either  case,  30^ 
hydrogen  peroxide  is  added  to  an  alcoholic  suspension  of  lithium  ethylate 
and  the  resulting  lithium  hydroperoxide  monohydrate  is  filtered.  All  re- 
actions are  carried  out  in  a CO2  free  helium  atmosphere.  Lithium  hydro- 
peroxide monohydrate  is  stable  in  contact  with  the  mother  liquor,  but 
decomposes  upon  drying[l]. 

2)  Preparation  of  lithium  peroxide:  This  material  was  prepared 

by  dehydrating  lithium  hydroperoxide  monohydrate  in  a dessicator  over  ^2^5 
at— 20  mui  pressure.  The  reaction  is  quantitative  and  the  product  may  be 
preserved  indefinitely  in  the  dark  under  refrigeration.  Lithium  peroxide 
has  a density  of  2.26  g/cc  at  25° [l]*  At  225°-235°C  a transition  from 

a to  ^-Li202  occurs,  and  at  315°  to  342°C  a strongly  endothermic  decomposi- 
tion occursV  This  decomposition  is  complete  at  450°C[2]. 

3)  Prepaxation  of  lithium  hydroxide  monohydrate:  This  material 

was  prepared  by  dissolving  pure  lithium  metal  in  distilled  water  until  the 
precipitate  became  heavy,  and  further  solution  of  the  metal  takes  place 
slowly.  The  precipitate  is  dried  over  PpOc  in  a dessicator  at-  20  mm  Hg 
until  only  a moist  solid  remains.  The  remaining  excess  water  is  removed 
by  drying  in  a vacuum  dessicator  over  anhydrous  lithium  hydroxide  until 
equilibrium  is  reached  [1‘]. 

Lithium  hydroxide  monohydrate  was  also  prepared  by  multiple  crystal- 
lization of  commercial  pure  lithium  hydroxide  (Metalloy  Corporation)  in 
distilled  water [3 
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4)  Preparation  of  anhydrous  lithium  hydroxides  This  material 

is  prepared  by  the  dehydration  of  the  monohydrate  under  a stream  of  CO^-free 
helium  gas,  Gohen[l]  heated  the  monohydrate  in  a platinum  crucible  at  ^ 
140°C.  The  evolved  water  was  collected  and  weighed  to  follow  the  degree 
of  dehydration.  Shomate  and  Cohen[4]  heated  the  monohydrate  to  350°C  over 
a 24  hour  period.  All  of  these  dehydrations  were  carried  out  in  a CO^-free 
helium  atmosphere. 

5)  Preparation  of  lithium  oxide: 

a)  From  lithium  hydroxide:  Lithium  hydroxide  monohydrate 
was  heated  in  a nickel  boat  under  an  atmosphere  of 
hydrogen  gas,  first  at  about  150°C  and  finally  at  800°C[3]. 

b)  From  lithium  peroxide:  Lithium  peroxide  was  placed  in  a 
gold  capsule  and  the  temperature  raised  to  550 °C  over  a 
period  of  4 hours.  The  water  vapor  was  carried  away  by  a 
stream  of  helium[4]*  Another  procedure  was  to  heat  slowly 
the  peroxide  in  an  alundum  combustion  boat  to  450°C  and 
hold  it  at  that  temperature  for  six  hours.  With  lithium 
oxide  more  than  any  of  the  others,  scrupulous  care  must  be 
taken  to  eliminate  carbon  dioxide  and  water. 


Lithium  Oxide  and  Hydroxide 
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[if]  Shomate,  C.  H. , end  Cohen,  A.  J.  J.  Am.  Chem.  Soc.  _77,  285-6 
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II,  Chlorides,  Fluorides  and  Hydrides  of  Alinninuin,  Beryllium,  Magnesium 
and  Lithium 

A-  Chlorides 

The  chlorides  of  the  light  metals  can  generally  be  obtained 
commercially  in  high  purity.  However,  requirements  of  99*5%  or  better 
purity  may  necessitate  further  purification.  The  main  problem  in 
preparing  and  keeping  pure  anhydrous  chlorides  of  these  metals  is 
their  tendency  towards  hydrolysis  which  results  in  the  formation  of 
basic  chlorides.  To  eliminate  this  contamination  several  methods 
may  be  employed.  The  simplest  is  careful,  repeated  vacuum  sublima- 
tion. However,  this  method  may  not  eliminate  some  oxychlorides 
which  may  be  sufficiently  volatile.  Another  approach  is  the  heating 
of  relatively  pure  chlorides  in  a stream  of  dry  HOt  gas  or  with 
NH, ot.  Finally  if  neither  of  the  above  methods  leads  to  satisfactory 
products  the  materials  can  be  synthesized  directly  from  the  highly 
purified  metals  by  direct  reaction  with  chlorine  or  HC^'  gas. 

B.  Fluorides 

Like  the  chlorides  the  fluorides  are  also  available  commercially. 
Their  preparation  for  the  most  part  can  be  accomplished  by  direct  re- 
action of  the  metal  with  fluorine  or  HF,  or  by  the  treatment  of 
oxides  or  carbonates  with  aqueous  HF.  In  the  latter  case  hydrates 
may  form  and  elimination  of  water  cein  also  lead  to  the  formation  of 
basic  fluorides.  Here  again  heating  in  an  atmosphere  of  anhydrous 
HF  will  lead  to  pure  fluorides.  The  general  procedures  for  purifica- 
tion listed  for  the  chlorides  are  applicable  here  too. 

C.  Hydrides 

The  synthesis  of  pure  hydrides  poses  a considerably  greater 
problem  caused  mainly  by  their  thermal  instability  and  high  reactivity. 
Synthesis  by  direct  union  of  the  elements  has  been  accomplished  for  li 
and  Mg,  but  not  for  Be  and  A1  so  far.  For  the  latter  two,  indirect 
methods  have  been  employed  'vdiich  generally  lead  to  contaminated  products. 


1)  Ate- 

Although  there  is  a reference  in  the  patent  literature  to 
the  preparation  of  aluminum  hydride  by  the  treatment  of  aluminum 
with  hydrogen[l],  it  is  very  unlikely  that  a satisfactory  product 
can  be  obtained  by  this  method.  The  most  common  procedure  in- 
volves the  reduction  of  aluminum  chloride  with  lithium  aluminum 
hydride  in  ether [2]. 
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3LUta^  + klcl^  + 3Llct  Brolymeric  (A-E-H,)^  ' 

precipitates  out  of  the  ethfer  solution  in  the  above  synthesis. 
Prolonged  drying  and  heating  failed  to  remove  all  the  ether 
without  causing  appreciable  decomposition.  It  is  believed  that 
the  ether  is  present  in  the  form  of  an  etherate  which  lends  the 

additional  stability.  Attempts  to  prepare  ether  free 
products  failed  for  the  most  part.  In  one  case  a different 
route  to  synthesis  was  employed  utilizing  the  formation  of  a 
volatile  hydride [3]* 

41-iA-tH,  + SiC-t, > SIH,  + 4A-tH,  + 4LiC-t.  This  method 

appears  to  nave  led^to  a nearly  ether-free  product  which,  how- 
ever, was  less  stable.  The  decomposition  of  Ate«  is  reported 
to  occur  above  100°C  but  this  refers  to  materials  containing 
fair  amounts  of  ether. 

As  it  appears  doubtful  that  pure  Ate^^  can  be  prepared,  it 
may  be  necessapy  to  use  compounds  of  Ate^^which  can  be  prepared 
in  higher  purity.  Such  compounds  may  be"^ found  among  the  com- 
plexes which  are  formed  by  Ateo>  notably  those  with  trimethy la- 
mine,  tetrahydrofuran , and  alirfliTam  chloride  [4]* 

The  structure  of  pol3rmeric  (ktE^)  is  still  in  doubt.  The 
most  frequent  suggestion  is  that  of  a lydrogen  bridge  network 
which  is  highly  cross  linked. 

2)  BeH^ 

The  first  preparations  of  BeHp  involved  the  reduction  of 
BeC-t^  or  BeMSp  with  LiH,  LiAtei  or^e2Ate[5>6] . All  these  re- 
actions have  to  be  performed  in  ether  solution  and  the  resulting 
product  could  not  be  satisfactorily  freed  from  ether.  A better 
method  involves  the  pyrolysis  of  dialkyl  beryllium  compounds, 
especially  that  of  di,  t-butylberyllium[7,8] . 

r(GH2)2"^  2 ■■■^BeHg  + 2(CH2)2C  = CH2 

This  method  can  be  applied  to  the  etherate  or  the  ether-free 
material  with  satisfactory  results.  The  purity  obtained  is 
about  80^  by  weight  or  97-99  mole^.  Furthermore,  this  method 
yields  a more  stable  product  which  does  not  decompose  up  to  240°C. 

Beryllium  hydride,  like  aluminum  hydride,  is  believed  to  have 
a hydrogen  bridge  structure [9] - The  compound  can  thus  be  best 
visualized  as  a pol3nner  rather  than  a salt. 


3)  MgH2 

This  hydride  can  be  synthesized  either  by  the  pyrolysis  of 
diethyl  magnesimn  or  the  Grignard  reagent [ 10 ] 

Mg  MgHj  + 

MgHg  + + MgX2 

or  by  direct  union  of  the  elements  with  or  without  Mgl^  as 
cat a lyst [11,12] 

. T7  a-tm  w tt 

Mg  + > MgH^ 

45QOC 

However,  the  purity  of  the  product  is  not  indicated.  It  is 
feasible  that  it  contains  some  free  magnesium.  Decomposition 
of  MgH^  starts  at  about  280 °C. 

4)  LiH 

This  compound  can  be  prepared  in  99.6  ±0.2^  purity,  (based 
on  analysis)  by  direct  union  of  the  elements  at  about  700°C. 

LiH  melts  at  688  ±1^0  [13,U]. 

5)  LUta^ 

Lithium  aluminum  hydride  can  be  synthesized  by  the  reduction 
of  aluminum  chloride  or  bromide  with  lithium  hydride  in  ether [2, 15] • 

4L1H  + A-tc-t-  LU-tH,  + 3LiC-t 

J 4 

The  ether  solution  of  the  product  can  be  evaporated  to  dryness 
to  obtain  the  solid.  Purity  of  about  99%  has  been  attained  by 
a repeated  process  of  filtration,  evaporation,  and  solution[l6] . 

The  material  is  stable  to  around  100 °C.  A commercial  product  of 
about  955^  purity  can  be  obtained  which  could  be  purified  by 
several  recrystallizations. 
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Chlorides^  Fluorides^  eind  Hydrides  of  Ali^Tni  mm, 
Berylliijm^  Magnesi-um^  ajod  Idthi-um 
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CHAPTER  VIII 


IDEAL  GAS  THERMCDYRAMIC  FUNCTIONS 
Joseph  Hilsenrath  and  WilHam  H.  Evans 


The  thermodynamic  functions  for  the  diatomic  molecules  AIF,  BeF, 
>^F,  AlCl,  Bed,  Mgd,  A10>  BeO,  and  MgO, -‘which  are  contained  in  this 
section  have  been  newly  computed  fix)m  the  molecular  constants  listed 
and  discussed  in  Chapter  IV.  Since  these  molecular  constants  are  for 
•the  ground  state  and  have  been  adjusted  for  the  naturally  occurring 
isotopic  abundances,  the  tables  are  correspondingly  for  the  ground  state 
and  for  the  normal  isotopic  mixture.  However,  as  usual,  the  effects  of 
nuclear  spin  and  isotopic  mixing  have  not  been  included. 

The  thermodynamic  functions,  -(F^-Hq)/RT,  (bP-Hq)/RT,  S°/R, 
(H°-Bq)/R,  and  Cp/R,  have  been  computed  from  formulas  based  on  the  Mayer 
and  >^er  treatmait  for  diatomic  molecules.  The  tabL^s  included  first 
order  corrections  to  the  harmonic  oscilator-rig^d  rotator  for;  vibra- 
tional anharmonicity,  rotational  stretching,  and  rotation- vibration 
interaction  computed  in  the  following  manner; 

Translg^tional  and  rotational  contributions;- 

-(P°-H^)/rT  = I.5A3M  + 2.5inT  - 3.66Wtl73  - fn(T+  (ST’S  +(T79o' 

(h°-h^)/rt  = 3.5  - <sh  -cr^A5 

Cp/R  = 3.5 

•where  = (B^  - ar0/2)hc/kT,  and  hc/k  = I.4588O  cm  deg.K. 

Vibrational  contributions ; - 

-(P°-Hg)/RT  = ^(1  - eA) 

(H°-Hg)/RT  = ue‘y(l  - e"") 

C^/R  = uV7(l  - 
•where  u = (o:^  - 2jtea%)hc/kT. 


Anhaimonlcity  corrections; 

-(F^-H^)/RT  = + <fe“^/(l  - e“^)  + 2Xue“^/(l  - 
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(H°-Ho)/RT  = 87^y(j'+  ^ue■"/(l  - + tau2e"^/(l 

« 23Cue”^/(l  - 

C^/R  = XSy^Jcr  - iu^e""/(l  - e"")^  + 2|ii^e"'^/(l  - 
- 8XuV2“/(i  - e”^)5  . 4xaV2«/(l  - 

+ 12Xu^e"^/(l  - 

T^ere 

87^  = a>e/Bg 

X = 

T!!he  tabulated  values  of  the  entropy  were  computed  from  the  relation 

S°/R  = (h°-b^)/rt  - (f°-b^)/rt. 

The  thermodynamic  tables  presented  here  represent  only  a part  of  the 
tables  which  are  projected  for  the  near  future.  These  will  include  ideal 
gas  theimal  funotions  for  the  remaining  molecules  surveyed  in  Chapter  IV, 
thermodynamic  properties  of  the  liquid  and  solid  phases  for  these  mole- 
cules,  and  their  vapor  pressures. 

Until  such  time  as  these  new  NBS  tables  become  available,  the  reader 
is  referred  to  Appendix  I vhich  provides  an  indexed  bibliography,  largely 
of  ccanpendia,  of  thermal  functions  for  important  Inorganic  and  organic 
molecules.  While  the  list  is  not  critical,  it  is  selective  and  does 
include  most,  if  not  all,  of  the  recent  collections  of  tables  of  thermody- 
namic functions. 


Table  1. 

Thermodynamic  Functions 

for  Li  2 

T 

-(F°-Hg) 

0 0 
H - Ho 

S° 

H°  - Ho 

"K 

RT 

RT 

R 

R 

R 

50» 

13.914 

3.494 

16.808 

174.7 

3.505 

75. 

14.792 

3.504 

18.236 

262.8 

3.557 

100. 

15.743 

3.531 

19 .274 

353.1 

3.872 

X25* 

14«936 

3.573 

20.108 

446.6 

3.808 

150* 

17.191 

3.623 

20.814 

543.4 

3.993 

179» 

17.754 

3.675 

21.428 

643.1 

4.038 

200« 

16.246 

3.726 

21.973 

745.1 

4.122 

225* 

18.689 

3.773 

22.463 

849.0 

4.198 

250* 

19.089 

3.818 

22.907 

954.5 

4.244 

275  • 

19.455 

3.859 

23.314 

1061.1 

4.288 

300* 

19.792 

3.896 

23.688 

1168.8 

4.324 

325* 

20.106 

3.930 

24.036 

1177.3 

4.353 

350* 

20.396 

3.961 

24.359 

1586.4 

4.378 

375. 

20.672 

3.990 

24.662 

1496.2 

4.399 

400. 

20.931 

4.016 

24.947 

1606.4 

4.417 

425« 

21.175 

4.040 

25.215 

1717.0 

4.433 

450* 

21.406 

4.062 

25.469 

1828.0 

4.447 

475* 

21.627 

4.083 

25.709 

1999.3 

4.459 

500* 

21.837 

4.102 

25.938 

2051.0 

4.470 

550* 

22.229 

4.136 

26.365 

2274.9 

4.489 

600* 

22.590 

4.166 

26.757 

2499.8 

4.504 

650* 

22.929 

4.193 

27.118 

2725.3 

4.518 

700* 

23.237 

4.216 

27.453 

2951.5 

4.529 

750. 

23.526 

4.238 

27.766 

3278.3 

4.540 

800. 

23«602 

4.257 

26.059 

3405.3 

4.550 

850. 

24.061 

4.274 

28.335 

3633.2 

4.558 

900. 

24.306 

4.290 

28.996 

3861.3 

4.587 

950. 

24.538 

4.305 

28.843 

4089.9 

4.534 

1000. 

24.759 

4.319 

29.078 

^18.8 

4.582 

1050. 

24.970 

4.331 

29.302 

4548.0 

4.588 

1100. 

29.172 

4.343 

29.515 

4777.7 

4.538 

1150. 

29  •365 

4.354 

29.720 

5007.6 

4.602 

1200. 

29.551 

4.365 

29.916 

5237.9 

4.609 

1250. 

29.729 

4^375 

30.104 

5468.5 

4.619 

1300. 

25.901 

4«384 

30.285 

5699.4 

4.421 

1950. 

26.067 

4.393 

30.460 

5930.6 

4.627 

1400. 

26.227 

4.402 

30.428 

6162.2 

4.633 

1490. 

26.381 

4.410 

30.791 

6394.0 

4.638 

1500. 

26.531 

4.417 

30.948 

6426.1 

4.845 

1950. 

26.676 

4.425 

31.101 

6858.5 

4.8M 

1400. 

26.816 

4.432 

31.248 

7091.2 

4*657 

1690. 

26.953 

4.439 

31.392 

7324.1 

4.642 

1700. 

27.085 

4.446 

31.531 

7557.4 

4.448 

1790. 

27.214 

4.452 

31.666 

7790.9 

4.673 

1800. 

27.340 

4.458 

31.798 

8024.7 

4.479 

1850. 

27.462 

4.464 

31.926 

8258.8 

4.484 

1900. 

27.581 

4.470 

32.051 

8493.2 

4.490 

1950. 

27.697 

4.476 

32.173 

8727.8 

4.495 

2000. 

27.811 

4.481 

32.292 

8962.7 

4.701 

2050. 

27.922 

4.487 

32.408 

9797.9 

4.704 

2100. 

28.030 

4.492 

32.522 

9433 »3 

4.712 

2150. 

28.136 

4.497 

32.633 

9669.0 

4.717 

2200. 

28.239 

4.502 

32.741 

9905.0 

4.722 

2250. 

28.340 

4.507 

32.847 

10141.2 

4.728 

2300. 

28.439 

4.512 

32.951 

10377.8 

4.793 

2350. 

28.536 

4.517 

33.053 

10614.5 

4.738 

Ihis  table  has  been  computed  for  the  ground  state  of  the  molecule,  ^diich  is 
taken  as  using  the  following  molecular  constants:  Bg  = 0.6796  cm"^, 

ffe  = 0.00731  cm"^,  De  = IO.O7  x 10“^  cm"^,  = 2.627  cm"^,  and 

“>e  = 353. 121  cm"^.  See  reverse  side  for  conversion  factors. 
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Continued 


Table  1.  Thermodynamic  Functions  for  U.2  ~ 


T 

-(F°-H§) 

H°  - Hq 

S° 

- Hg 

pO 

°K 

RT 

RT 

R 

R 

R 

2400* 

28*432 

4.521 

33.153 

10851.4 

4.744 

2450  « 

28.725 

4.526 

33.251 

11088.9 

4.749 

2500* 

28.816 

4.531 

33.347 

11324.5 

4.754 

2400* 

24.994 

4.539 

33.534 

11802.4 

4.749 

2700* 

29.166 

4.548 

33.714 

12279.4 

4.775 

2400  • 

29.331 

4.556 

33.887 

12757.5 

4.784 

2900* 

29.491 

4.564 

34.056 

13234.6 

4.794 

3000* 

29.644 

4.572 

34.218 

13714.7 

4.807 

SlOO* 

29.796 

4.580 

34.376 

14197.9 

4.817 

3200* 

29.942 

4.588 

34.529 

14480.2 

4.828 

3300* 

30.083 

4.595 

34.678 

15163.4 

4.838 

3400* 

30.220 

4.602 

34.823 

19447.8 

4.848 

3500* 

30.354 

4.609 

34.963 

14133.1 

4.859 

3400* 

30.444 

4.617 

35.100 

16419.5 

4.849 

3700* 

30.410 

4.624 

35.234 

mo7.o 

4.880 

3400* 

30.734 

4.630 

35.364 

17595.5 

4.890 

^00* 

30.854 

4.637 

35.491 

18085.0 

4.900 

4000* 

30.972 

4.444 

35.415 

18575.6 

4.911 

4100* 

31.086 

4.651 

35.737 

19067.2 

4.921 

4200* 

31.194 

4.457 

35.856 

19959.8 

4.932 

4300* 

31.308 

4.664 

35.972 

20053.5 

4.942 

4400* 

31.415 

4.670 

36.085 

20544.2 

4.952 

4500* 

31.520 

4.476 

34.197 

21043.9 

4.943 

4400* 

31.623 

4.643 

34.306 

21540.7 

4.973 

4700* 

31.724 

4.649 

34.413 

22038.5. 

4.983 

4400* 

31.823 

4.695 

36.518 

22537.4 

4.994 

4900* 

31.920 

4.701 

36.621 

23037.3 

5.004 

5600  • 

32.015 

4.708 

36.722 

235^.2 

5.014 

5100* 

32.108 

4.714 

36.^ 

24044.1 

5.025 

5200  • 

32.200 

4.720 

36.919 

24543.1 

5.035 

5300  « 

32.290 

4.726 

37.015 

25047.1 

5.045 

5400« 

32.378 

4.732 

37.110 

25552.2 

5.056 

5900* 

32.465 

4.738 

37.203 

26058.3 

5.046 

5400. 

32.550 

4.744 

37.294 

24545.4 

5.074 

5700* 

32*634 

4.750 

37.384 

27073.6 

5.087 

5400* 

32.717 

4.756 

37.473 

27582.7 

5.097 

5900. 

32.796 

4.742 

37.560 

28093.0 

5.107 

4000* 

32.878 

4.747 

37.646 

28604.2 

5.118 

Z73«15 

19.429 

3.854 

23.289 

1093.2 

4.289 

294.15 

19.768 

3.893 

23.642 

1140.8 

4.921 

CCaiVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

cal  mole  ^ ®K  ^ (or  “C 

1.98726 

cal  g"^  ®k"^  (or  ®C’^) 

0.114-517 

joules  g”^  ®k”^  (or  ®C 

0.59902 

Btu  (lb  mole)"^  ®r"^  (or  ®f“^) 

1.98595 

Btu  Ib"^  ®r"^  (or  ®f"^) 

0.14308 
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Table  2.  Thermodynami c Functions  for  LiF 


T 

-(F°-H§) 

H°-  Ho 

•k 

RT 

RT 

50* 

14.214 

3.497 

T3« 

13*429 

3.492 

100« 

14.434 

3.494 

129* 

17.414 

3.494 

190  • 

19.031 

3.499 

179. 

18.391 

3.303 

200. 

19.039 

3.310 

229* 

19.473 

3.519 

290» 

19.044 

3.331 

279* 

20.102 

3.344 

300. 

20.491 

3.343 

329. 

20.777 

3.391 

390. 

21.043 

3.401 

379. 

21*292 

3*421 

400. 

21*324 

3*442 

429. 

21*748 

3*642 

490. 

21*939 

3*403 

479. 

22*157 

3*703 

300. 

22*348 

3*723 

390. 

22*703 

3*742 

400. 

23*033 

3*799 

490. 

23*399 

3*833 

700. 

23*424 

3*044 

790. 

23*892 

3*894 

800. 

24*144 

3*924 

990. 

24*383 

3*930 

900. 

24*609 

3*974 

990. 

24*829 

3*997 

1000. 

29*030 

4.019 

1090. 

23*227 

4.039 

1100. 

23*419 

4.037 

1190. 

29*994 

4.073 

1200. 

29*770 

4.092 

1290. 

25*937 

4.108 

1300. 

24*099 

4.122 

1390. 

26*254 

4.137 

1400. 

24*403 

4.150 

1490. 

24*931 

4.143 

1900. 

24*492 

4.  ITS 

1990. 

24*829 

4.197 

1400. 

24*942 

4.199 

1090. 

27*092 

4.208 

1700. 

27.2T8 

4.219 

1790. 

27*340 

4.278 

1900. 

27*499 

4.239 

1«90. 

27*979 

4.244 

1900. 

27.409 

4.235 

1990. 

27.799 

4.243 

2000. 

27.909 

4.271 

2090. 

29.013 

4.279 

2100. 

28.134 

4.297 

2190. 

28.217 

4.294 

2200. 

28.314 

4.301 

2290. 

28.413 

4.308 

2300. 

28.908 

4.314 

2390. 

28.600 

4.321 

2400. 

28.491 

4.327 

H°-  h8 

R 

R 

R 

17.701 

174.3 

3*301 

19.121 

241.9 

3*302 

20.128 

349.4 

3*302 

20.910 

437.0 

3*304 

21.530 

324.9 

3*318 

22*094 

413.0 

3*340 

22.349 

701.9 

3.574 

22.992 

791.9 

3*419 

23.376 

992.9 

3.447 

23.729 

973.2 

3.721 

24.034 

1049.9 

3.773 

24.338 

1343.9 

3.829 

24.444 

1260.3 

3.879 

24.913 

1397*9 

3.927 

23.144 

1434*4 

3.972 

23.410 

1334*3 

4.014 

23.441 

1437*3 

4*033 

25.941 

1799*1 

4*099 

26.071 

1941*7 

4.121 

26.447 

2069*2 

4.178 

24.832 

2279*3 

4*224 

27.172 

2491*6 

4*247 

27.490 

2705*9 

4*301 

27.797 

2921*7 

4*331 

28.048 

3139*9 

4*357 

28.333 

3357*3 

4*379 

28.394 

3974*9 

4*399 

28.922 

3797*2 

4*417 

29.049 

4019*4 

4*432 

29.243 

4240*4 

4*444 

29.473 

4443*1 

4.459 

29.471 

4444*3 

4*471 

29.942 

4910*1 

4*491 

30.043 

3134*9 

4*491 

30.221 

5359*2 

4*300 

30.391 

5344*3 

4*309 

30.333 

3810*1 

4*517 

30.714 

6034*1 

4*324 

30.847 

6242*3 

4*531 

31.014 

6489*3 

4*939 

31.160 

4716*3 

4*344 

31.300 

6943.7 

4*330 

31 .436 

7171.3 

4*534 

31.349 

7399.3 

4*342 

31.497 

74^7.5 

4*567 

31.822 

7854.0 

4.372 

31.944 

8084.7 

4.577 

32.063 

8313.7 

4*382 

32.179 

0543.0 

4*397 

32.292 

8772.4 

4*392 

32.403 

9002.1 

4*396 

32.311 

9232.1 

4*401 

32.617 

9442.2 

4*603 

32.721 

9492.5 

4*609 

32.822 

9923.1 

4*613 

32.921 

10153.9 

4*617 

33.018 

10384.9 

4*622 

Ibis  table  has  been  computed  for  the  ground  state  of  the  molecule,  \diich  is 
taken  as  using  the  following  moleciilar  constants;  Bg  = 1.4221  cm”^, 

®e  = 0.015  cm- 1,  De  = l4. 20  x 10“^  cm”!,  = 7-0  cm'^,  and 

“e  = 900.0  cm"^.  See  reverse  side  for  conversion  feictors. 
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Table  2.  Thermodynamic  Functions  for  liF  - Continued 


T 

-(F°-Bg) 

H°-  Bg 

S° 

H°  - Hg 

pO 

K 

RT 

RT 

R 

R 

R 

28  #791 

4.993 

33.114 

10616.0 

4.626 

2900* 

28*868 

4#999 

93.207 

10847.4 

4*6^ 

2600* 

29#099 

4.990 

33.969 

11910.7 

4.637 

2700. 

29#209 

4.961 

33.564 

11774.8 

4.645 

2«00* 

29.962 

4#9?1 

53.739 

12299.7 

4.652 

2900. 

29*919 

4.981 

33.897 

12705.2 

4.659 

90M. 

29*664 

4*991 

94.059 

19171.5 

4.666 

noo. 

29.804 

4.400 

94.208 

19698.5 

4.679 

3200* 

29#948 

4.408 

94.996 

14106*2 

4.680 

9900. 

90 #084 

4#497 

94.900 

14S74.6 

4.687 

9^00. 

30.216 

4.429 

94.640 

15049.6 

4.6(94 

9900* 

30«964 

4.492 

94.TT7 

15919.4 

4.701 

9000. 

30.469 

4#440 

94.909 

19989.8 

4.707 

9700. 

30#»91 

4#  447 

99.098 

16454.8 

4.714 

9900. 

30.T10 

4«494 

99.164 

16926.6 

4.721 

9900. 

30#829 

4.461 

99.287 

17999.0 

4.727 

30 #998 

4#46« 

99.406 

17*72.0 

4.794 

41 00* 

92 #049 

4*479 

99.929 

18949.7 

4.740 

4390* 

4*481 

3S;*698 

18820*0 

4*7*7 

4900. 

91.262 

4.487 

99.749 

X9299*0 

4.753 

4400* 

31*965 

4*493 

99.859 

1W70.6 

4.759 

4900# 

31*467 

4.499 

35.986 

20246.9 

4.786 

4600# 

91#569 

4.505 

36.071 

20723*8 

4.77t 

4700# 

31#462 

4.511 

36.173 

21201.3 

4.778 

4000# 

31#  797 

4.517 

36.274 

21679.5 

4.785 

4900# 

31*891 

4#522 

36.979 

22258.2 

4*m 

3000# 

31*942 

4.528 

36.470 

22637.7 

4.79f 

5100# 

32*032 

4.533 

36.565 

29117.7 

4.804 

5200# 

32# 120 

4.538 

36.658 

299^.4 

4*810 

5900# 

32*206 

4.543 

36*750 

24079.7 

4*826 

5400# 

32*291 

4.548 

36*840 

24561*6 

4«8a 

5500# 

32*375 

4.553 

36.928 

25044*1 

4*829 

5600# 

32*457 

4.558 

37.015 

25527.3 

4*835 

5700# 

32*538 

4.563 

37.101 

28011 •! 

4*841 

5000# 

32*617 

4*568 

37.189 

264)95.5 

4.847 

5900# 

32*695 

4.573 

37.268 

26980.6 

4.859 

6000# 

32.772 

4.578 

37.350 

27466.2 

4.840 

279# i5 

20»158 

3.545 

23.703 

968*3 

9*7S7 

296# 15 

20.469 

3*562 

24.031 

1061*9 

9.771 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

E(jr 

ceil  mole”^  (or  ®c"^) 

1.98726 

cal  g"^  (or 

0.076610 

Joules  g”^  “K  ^ (or  ®C 

0.320556 

Btu  (lb  mole)"^  “r"^  (or  “f“^) 

1.98595 

Btu  lb‘^  "r“^  (or  “f"^) 

0.076559 
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Table  5„  Thermodynamic  Functions  for  Id  Cl 


T 

-(F°-B§) 

H°-  Ho 

S° 

E°  - Bo 

4 

•K 

RT 

RT 

R 

R 

R 

50* 

15.637 

3.494 

19.131 

174.7 

3*501 

75. 

17.055 

3.496 

20.551 

262.2 

3*502 

100* 

18.041 

3.498 

21.559 

349.8 

3*510 

125* 

18.942 

3.503 

22.345 

437.9 

3*537 

190* 

19.491 

3.512 

22.994 

926.9 

3.584 

175  • 

20.024 

3.527 

23.551 

617.2 

3.649 

200* 

20.494 

3*547 

24.045 

709.4 

3.721 

275« 

20.919 

3*570 

24.405 

803.3 

3.795 

290* 

21.292 

3*594 

24.809 

899.1 

3.847 

279* 

21.437 

3*624 

25.241 

996.6 

3.9» 

500» 

21.993 

3*492 

29.405 

1095.7 

3.999 

329* 

22.247 

3*401 

29.927 

1196.2 

4.047 

990* 

22.520 

3*709 

26.229 

1298.0 

4.094 

979* 

22.777 

3*736 

24.913 

1400.9 

4.137 

400* 

23.019 

3*742 

26.701 

1504.8 

4.174 

429« 

23.240 

3.787 

27.035 

1609.6 

4.208 

490* 

23.445 

3*811 

27.277 

1715.1 

4.237 

479* 

23«472 

3*835 

27*504 

1821.4 

4.244 

soo« 

23.049 

3*897 

27*724 

1928.3 

4.287 

590* 

24.299 

3*896 

20*134 

2143*7 

4.328 

400  • 

24*979 

3*995 

28*514 

2361*0 

4.341 

490* 

24.094 

3*949 

28*844 

2979*7 

4.388 

700* 

29.191 

4*000 

29*190 

2799*7 

4.411 

750. 

29.440 

4*020 

29.495 

3020*7 

4.430 

•00. 

29.729 

4*053 

29*702 

3242*6 

4.447 

950. 

29*979 

4*077 

30*052 

3445*4 

4.442 

990. 

24*209 

4*099 

30*307 

9408*8 

4.475 

990. 

24*491 

4*119 

30*550 

3912*8 

4.484 

1000. 

24.640 

4*137 

30*780 

4137*4 

4.497 

1090. 

24.049 

4*195 

31*000 

4542*9 

4.504 

noo. 

27.030 

4.171 

31*209 

4908*0 

4.SI9 

life. 

27*224 

4*104 

31*410 

40 14*8 

4.525 

1200. 

27.403 

4*200 

31*403 

5040*3 

4.531 

1290. 

27.974 

4*2X4 

31*700 

5267*0 

4.538 

1900  • 

27.740 

4*224 

31*944 

9494*1 

4.544 

1990. 

27.900 

4*?98 

32*130 

5721*4 

4.551 

5400. 

20.094 

4*249 

32*303 

5949*1 

4.597 

1490. 

28.203 

4*240 

32.463 

6177*1 

4.562 

1900. 

28.948 

4*270 

32.418 

6405*4 

4.548 

mo. 

28.406 

4*280 

32.748 

6433*9 

4.573 

MOO. 

28.424 

4*209 

32.913 

6842*7 

4.578 

1990. 

28.794 

4*298 

33.054 

7091*7 

4.583 

1700. 

28.005 

4*306 

33.191 

7321*0 

4.588 

1990. 

29.010 

4*315 

33.324 

7950*5 

4.593 

1900. 

29.191 

4*322 

33.494 

7780*3 

4.597 

1990. 

29.290 

4.330 

33.580 

8010*2 

4.602 

1900. 

29*945 

4.337 

33.702 

8240*4 

4.404 

1950. 

29.470 

4.344 

33.822 

8470*8 

4.411 

2000. 

29.508 

4.391 

33.939 

8701*5 

4.415 

2050. 

29.494 

4.357 

34.053 

8932*3 

4.419 

2100. 

29.801 

4.344 

34.164 

9163*4 

4.623 

2X90. 

29.904 

4.370 

34.273 

9594*4 

4.627 

2200. 

30.004 

4.979 

34.380 

9426*1 

4.631 

2290. 

30.102 

4.381 

34.484 

9897*7 

4.695 

2300. 

30.199 

4.307 

34.984 

10089*4 

4.699 

2390. 

30.293 

4.392 

34.489 

10321*4 

4.643 

2400. 

30.304 

4.397 

34.783 

10953*9 

4.647 

Ibis  table  has  been  computed 

for  the  ground 

state  of 

the  molecxile,  \diich  is 

taken  as  using 

the  folloving  molecular  constants: 

Bg  = 0.7105 

cm"^. 

ttg  = 0.0062  cm" 

De  = 

5.393  X 10"^  cm"^, 

= 4.5  cm" 

and 

<De  = 650.0  cm"^.  See  reverse  side  for  conversion  factors. 


-109- 


Table  5«  Thermodynamic  Functions  for  LiCl  - Continued 


T 

-(F°-H§) 

H°-  H§ 

S° 

- Bg 

pO 

ip 

°K 

RT 

RT 

R 

R 

R 

24«0« 

30*474 

4*403 

34*679 

10766*3 

4.691 

2500* 

30*969 

4*408 

34.973 

11016*9 

4.654 

2600* 

30*736 

4*417 

39*196 

11484*7 

4.662 

2700* 

30*909 

4*426 

39*332 

11991*3 

4.669 

2800* 

31*067 

4*439 

39.902 

12418*6 

4.677 

2900* 

31*222 

4*444 

39.666 

12866*6 

4.684 

3000* 

31*373 

4*492 

39.829 

13355*4 

4*691 

3100  • 

31*919 

4*460 

35*979 

13824*8 

4*698 

3200* 

31*661 

4*467 

36*126 

14295*0 

4*705 

3300« 

31*796 

4*479 

36*273 

14769*9 

4*712 

3^00  • 

31*932 

4*462 

36*414 

19237*9 

4.719 

3900* 

32*062 

4*469 

36*591 

15709*6 

4.726 

3600* 

32*199 

4*499 

36*664 

16162*7 

4*733 

3700* 

32*322 

4*902 

36*614 

16696«4 

4.740 

3«00. 

32»432 

4*908 

36.940 

17130*6 

4*747 

3900* 

32*949 

4*914 

37.064 

17605*9 

4*794 

4000* 

32*664 

4*920 

37*164 

18081*6 

4*761 

4100* 

32*779 

4*926 

37.302 

16556*6 

4*768 

4200* 

32*664 

4*932 

37*417 

19035*2 

4.779 

4300* 

32*991 

4*936 

37.929 

19913*0 

4.781 

4400* 

33*096 

4*944 

37*639 

19991*5 

4*768 

4S00* 

33*198 

4*949 

37*747 

20470*6 

4*795 

4600* 

33*298 

4*994 

37*692 

20990*9 

4*802 

4700. 

33*396 

4*960 

37.996 

21431*0 

4«809 

4800* 

33*492 

4*969 

38.097 

21912*2 

4*615 

4900* 

33*966 

4*570 

38*156 

22394*1 

4*622 

9000* 

33*678 

4*975 

38*294 

22676*6 

4*629 

9100* 

33*W 

4*960 

38*349 

23399*9 

4.836 

9200. 

33*696 

4*969 

38*443 

23843*6 

4*642 

9300 • 

33*949 

4*990 

36*936 

24326*3 

4*649 

9400* 

34*031 

4*999 

36*626 

24813*6 

4*656 

9900* 

34*116 

4*600 

38*716 

29299*9 

4*663 

9400« 

34*199 

4*605 

38*803 

29786*1 

4*669 

9700  • 

34*260 

4«609 

38*869 

26273*4 

4*676 

9000* 

34*360 

4*614 

38*974 

26761*3 

4*  663 

9900* 

34*439 

4*619 

39*098 

27249*9 

4*689 

6000* 

34*917 

4*623 

39*140 

27739*2 

4*696 

273# 19 

21*612 

3*622 

29*234 

969*3 

3*926 

298«19 

21*930 

3*690 

25*961 

1068.3 

3*989 

CONVEBSION  FACTOES 


To  Convert  Tah\ilated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  mole  ^°K^(or°C^) 

1.98726 

cal  (or  ’’C"^) 

0. 0^16875 

jollies  g ^ °K  ^ (or  °C 

0.196n5 

Btu  (lb  mole)”^  (or  °f“^) 

1.98595 

Btu  Ib'^  (or  °f"^) 

0.0k6dk2 
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Table  14-.  'Riermodynamic  Functions  for  BeF 


T 

-(F°-B§) 

0 0 

H - Bb 

S° 

H°  - Ho 

eg 

•K 

RT 

RT 

R 

R 

R 

50* 

14.979 

3.466 

18.464 

174.3 

3.501 

75. 

16.399 

3.491 

19.864 

261.8 

3.581 

100* 

17.997 

3.493 

20.891 

949.3 

3.901 

I25« 

19.177 

3.499 

21.672 

496.9 

3.501 

150* 

19.014 

3.496 

22.311 

324.4 

3.502 

t?9* 

19.993 

3.497 

22.831 

612.0 

3.506 

200. 

19.020 

3.499 

23.319 

699.7 

3.312 

229* 

20.233 

3.301 

23.733 

787.7 

3.324 

»0* 

20.602 

3.904 

24.106 

876.0 

3.342 

275. 

20.996 

3.509 

24.444 

964.8 

3.966 

300. 

21.241 

3.914 

24.736 

1094.3 

3.999 

325. 

21.323 

3.322 

23.049 

1144.6 

3.628 

390. 

21.794 

3.931 

23.313 

1239.8 

3.663 

379. 

22.020 

3.341 

23.9«9 

1327.8 

3.701 

400. 

22.297 

3.992 

23.809 

1420.8 

3.799 

429. 

22.473 

3.564 

26.037 

1914.8 

3.778 

490. 

22.477 

3.577 

26.234 

1609.7 

3.813 

4!79. 

22.671 

3.991 

26.461 

1705.5 

3.832 

900. 

23*09» 

3.605 

26.660 

1802.3 

3.888 

990. 

23.460 

3.663 

27.033 

1998.3 

3.934 

600. 

23.717 

3.663 

27.380 

2997.6 

4.014 

690. 

24.012 

3.692 

27.704 

2999.6 

..  067 

700. 

24.266 

3.720 

26.007 

2604.2 

4.129 

390« 

264»66 

3*746 

26.292 

2611*0 

4.196 

•00. 

24.367 

S.7T5 

26.962 

3019.8 

4.193 

090. 

29.016 

3.800 

26.6X7 

3330.3 

4.226 

900. 

29.234 

3.323 

29.099 

3442.3 

4.299 

990. 

23.442 

3.848 

29.290 

3639.7 

4.281 

1000. 

25.640 

3.870 

29.310 

3870.4 

4.304 

1090. 

23.029 

3.892 

29.721 

4086.1 

4.323 

HOC. 

26.011 

3.912 

29.922 

4302.8 

4.344 

1190. 

26.163 

3.931 

30. U6 

4S20.3 

4.9C1 

1200. 

26.333 

3.949 

30.302 

4736.9 

4.376 

1230. 

26.514 

3.966 

30.461 

4938.0 

4.390 

1300. 

26.670 

3.963 

30.633 

9177.8 

4.403 

1390. 

26.621 

3.999 

30.819 

339a. 3 

4*414 

1400. 

26.966 

4.014 

30.980 

3619.3 

4.429 

1430. 

27.107 

4.026 

31.136 

3840.8 

4.493 

1300. 

2T.244 

4.042 

31.286 

6062.8 

4.443 

1330. 

27.377 

4.033 

31.432 

6283.2 

4.433 

1600. 

27.306 

4.066 

31.573 

6308.1 

4.461 

1630. 

27.631 

4.080 

31.711 

6731.4 

4.469 

1700. 

27.753 

4.091 

31.844 

6933.0 

4.416 

1730. 

27.872 

4.102 

31.974 

7179.0 

4.483 

1600. 

27.980 

4.113 

32.101 

7403.3 

4.489 

1630. 

28.101 

4.123 

32.224 

7627.9 

4.499 

1900. 

28.211 

4.133 

32.344 

7832.9 

4.301 

1930. 

26.318 

4.143 

32.461 

8078.1 

4.307 

2000. 

28.423 

4.132 

32.575 

8303.5 

4.312 

2030. 

28.326 

4.161 

32.686 

8929.2 

4.317 

2100. 

28.626 

4.169 

32.793 

8799.2 

4.522 

2130. 

28.724 

4.177 

32.902 

8961.4 

4.926 

2200. 

28.820 

4.163 

33.006 

9207.8 

4.331 

2230. 

28.919 

4.193 

33.108 

9434.5 

4.333 

2300. 

29.007 

4.201 

33.207 

9661.3 

4.339 

2330. 

29.097 

4.208 

33.303 

9886.4 

4.543 

2400* 

29.186 

4.213 

33.401 

10119.7 

4*547 

Ibis  table  has  been  computed  for  the  gro\ind  state  of  the  molecule,  which  is 

2 1 
taken  as  Z,  using  the  following  molecular  constants:  Bg  = 1.14877  cm""*", 

otQ  = 0.0168  cm“^,  Dg  = 8.21  X 10"^  cm”^,  = 9-12  cm"^,  and 

a)g  = 1265.6  cm“^.  See  ireverse  side  for  conversion  factors. 


-m- 


Tatle  4.  Thermodynamic  Functions  for  BeF  - Continued 


T 

-(F°-B§) 

H°-  H§ 

S° 

H°  - H§ 

pO 

A 

RT 

RT 

R 

R 

R 

2450* 

29#273 

4*222 

33*495 

10943*1 

4*551 

2500* 

29»350 

4*228 

33*587 

10570*8 

4*555 

2400* 

29*524 

4*241 

33*765 

11026*6 

4*562 

2700* 

29*405 

4*253 

33*998 

11889*1 

4*588 

2t00« 

29*939 

4*264 

34*104 

1X940*2 

4*575 

2900* 

29*989 

4*275 

34*264 

12996*0 

4*581 

3000* 

30*134 

4*285 

34*420 

12856*4 

4*987 

3100* 

30*275 

4*295 

34*570 

19915*4 

4*595 

3200* 

30*412 

4*305 

34*716 

19775*0 

4*558 

3300* 

30*544 

4*314 

34*858 

142a5*l 

4*604 

3400* 

30*673 

4*322 

34*996 

14895*7 

4*689 

3500* 

30*799 

4*331 

35*129 

m56*9 

4*6)4 

3600* 

30*921 

4*338 

35*259 

19818*6 

4*619 

3700* 

31*040 

4*346 

39*386 

16080.8 

4*624 

3800* 

31*156 

4*^ 

35.509 

16543.5 

4*629 

39  00* 

31*269 

4*361 

35*629 

17006*7 

4*634 

4M0* 

31*3T9 

4*366 

35*747 

X>470*3 

4*839 

4100  • 

31*407 

4*374 

35*061 

17*»4*4 

4*644 

4200« 

31*593 

4*381 

35*973 

18999*0 

4*648 

4300. 

31*696 

4*387 

36*083 

X886^*l 

4*655 

4400* 

^*797 

4*393 

36*190 

19529*6 

4*858 

4500* 

31*096 

4*399 

36*295 

19795 *6 

4*882 

4400* 

31*992 

4*405 

36*397 

20262*6 

4*887 

4700* 

32*087 

4*410 

36*498 

20729*9 

4*871 

4800* 

32*180 

4*416 

36*596 

21196.2 

4*815 

4900* 

32*271 

4*421 

36*692 

21864*0 

4*680 

5000* 

32*360 

4*426 

96*787 

22X32*2 

4*884 

31 00* 

32*4M 

4*432 

36*880 

22600*8 

4*888 

S200« 

32*534 

4*437 

36*971 

23069*9 

4*699 

5300  • 

32^29 

4*441 

37*060 

29999*4 

4*857 

5400* 

32*702 

4*446 

37*148 

24009*3 

4*701 

5500* 

^•784 

4*451 

37*234 

»879«6 

4*705 

5400* 

32*864 

4*455 

37*3X9 

24950*4 

4*710 

5700» 

32*9^ 

4*460 

37*403 

25421*5 

4*7)4 

5600* 

33*020 

4*464 

37*485 

25893*1 

4*728 

5900* 

33*097 

4*469 

37*565 

26369*2 

4*722 

4000* 

33*172 

4*473 

37*645 

26837*6 

4*728 

Z73»15 

20*912 

3*508 

24*420 

958*2 

3*564 

21*220 

3*514 

24*734 

1047*7 

1a»93 

CONVEHSION  FACTORS 


To  Convert  Tahvilated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Belov 

^ftiltiply 

By 

cal  mole"^  °k"^  (or  °c'^) 

1.98726 

cal  g"^  °k“^  (or  °C"^) 

0.07094-1 

joules  g ^ °K  ^ (or  “C 

0.296816 

Btu  (lb  mole)"^  °r’^  (or  ®f"^) 

1.98595 

Btu  Ib”^  °r"^  (or  °f“^) 

0.070894 
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Table  5 


Baermodynaml c Functions  for  Bed 


T 

-(F°-H§) 

B°-B§ 

•K 

RT 

RT 

50* 

14*327 

3*499 

T5. 

17*7>44 

3*494 

100» 

14^750 

3*497 

119  • 

19«930 

3*498 

190  • 

20*148 

3*501 

175* 

20*708 

3*506 

200* 

21*177 

3*514 

225. 

21*991 

3*526 

Z90« 

21*944 

3*540 

ZT9t 

22*302 

3*557 

300  • 

22*612 

3*579 

329* 

22*099 

3^595 

S50* 

23*146 

3*416 

S79* 

23*414 

3*698 

400* 

Z3«452 

3*460 

425* 

23*474 

3*481 

490* 

24*085 

3*703 

476« 

24*284 

3*724 

900« 

24*478 

3*744 

990* 

24*836 

3*783 

*00  • 

25*147 

3*820 

490. 

»«474 

3*854 

7d0« 

25«741 

3*804 

790» 

24*030 

3*914 

800* 

24*284 

3*943 

850* 

24*524 

3*9«« 

900* 

26*751 

3*992 

990» 

24*948 

4*014 

1000* 

27*174 

4*035 

1050* 

27*371 

4*094 

UOO* 

27*540 

4*072 

USO* 

27*742 

4*089 

1200« 

27* 

4*105 

1290* 

28*084 

4*  120 

1380  • 

28*244 

4*194 

1990* 

28*402 

4*147 

1400  • 

28*593 

4*140 

1490* 

28*699 

4*172 

1500* 

28*941 

4 •183 

1590  • 

28*978 

4^194 

1400  • 

29*112 

4*204 

1490* 

29*241 

4*214 

1700* 

29*367 

4*223 

IT50* 

29*490 

4*233 

1800* 

29*609 

4*241 

1890* 

29*725 

4*249 

1900* 

29*839 

4*257 

1^0. 

29*949 

4*249 

2000* 

30*058 

4*272 

2090* 

30*143 

4*280 

2100. 

30*246 

4*284 

2150* 

30*347 

4*293 

2200* 

30*646 

4*299 

2290* 

30*563 

4*306 

2300. 

30*657 

4*312 

2390* 

30*750 

4*318 

2400* 

30*841 

4*323 

S° 

H°  - Ho 

eg 

R 

R 

R 

19*820 

174*4 

3*501 

21. 239 

242*2 

3*501 

22*247 

349*7 

3*502 

23*029 

437*3 

3*500 

23*469 

525*2 

3*523 

24*214 

413*4 

3*991 

24*491 

702*8 

3*592 

25*m 

793*2 

3*441 

25*903 

885*0 

3*496 

25*858 

978*1 

3*799 

24*187 

1072*4 

3*809 

24*484 

1140*5 

3*844 

»*789 

1245*8 

3*919 

27*054 

1944*2 

3*943 

27*112 

1449*9 

4*007 

27*554 

1544*5 

4*047 

27*788 

1666*2 

4*004 

28*010 

1748*7 

4*110 

28*222 

1872*0 

4*140 

28*420 

2080*8 

4*202 

28*987 

2292*0 

4*244 

29*129 

2905*3 

4*243 

29*447 

2720*3 

4*319 

29*944 

2996*7 

4*342 

30*227 

3294*4 

4*346 

30*492 

3973*2 

4*389 

30*741 

3992*9 

4*403 

30*982 

18X3*4 

4*4J8 

31*209 

4034*4 

4*413 

31*429 

4294*5 

4*444 

31*612 

4479*0 

4*455 

31*830 

4702*0 

4*446 

32*021 

4925*5 

4*474 

32*204 

5149*4 

4*489 

32*379 

53f73*7 

4*490 

32*549 

5998*4 

4*497 

32*713 

5823*5 

4*504 

32*871 

4040*8 

4*510 

33*024 

4274*5 

4*514 

33*172 

4500*5 

4*522 

33*314 

4724*7 

4*527 

33*455 

4953*2 

4*532 

33*591 

7179*9 

4*537 

33*722 

7406*9 

4*542 

33*050 

7^4*1 

4*544 

33*975 

7841*5 

4*550 

34*096 

8089*1 

4*554 

34*215 

83X6*9 

4*558 

34*330 

8545*0 

4*542 

34*443 

8773*2 

4*544 

34.553 

9001*6 

4*570 

34*460 

9230*1 

4*573 

34*765 

9450*9 

4*577 

34*868 

9687*8 

4*580 

34*969 

9916*9 

4*583 

35*068 

10144*1 

4*587 

35*164 

10375*6 

4*590 

This  table  has  been  computed  for  the  grOTind  state  of  the  moleciale,  \dilch  is 

O *1 

taken  as  S,  using  the  following  molecular  constants:  Bg  = O.766  cm""^'. 


«e  = 

0.007 

cm“^. 

Oe 

= 2.5 

X 10“^  cm"^, 

= 5-11  cm“^,  and 

tue  = 

846.6 

cm"^. 

See 

reverse 

side  for  conversion 

factors. 

i 
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Table  5.  Thermodynamic  Functions  for  Bed  - Continued 


T 

-(F°-B§) 

H°-  B§ 

S° 

H°  - Hg 

pO 

Cp 

°K 

RT 

RT 

R 

R 

R 

2450* 

30*930 

4*329 

35*259 

10605*1 

4*599 

2500* 

31*018 

4*334 

35*352 

10834*9 

4*596 

2600* 

31*188 

4*344 

35*532 

11294*8 

4*602 

2700. 

31*352 

4*354 

35*706 

11755*3 

4*608 

2800* 

31*511 

4*363 

35*874 

12316*4 

4*614 

2900* 

31*684 

4*372 

36*036 

126?8*1 

4*620 

3000* 

31*812 

4*380 

36*192 

19240*3 

4*625 

3100* 

31*956 

4*388 

36*344 

19603*1 

4*631 

3200* 

32*095 

4*396 

36*491 

14066*5 

4*636 

3300. 

32*231 

4*403 

36*634 

14530*4 

4*641 

3400* 

32*362 

4*410 

36*773 

M994«e 

4*647 

3500* 

32*490 

4*417 

36*907 

154&9»7 

4*^2 

3600* 

32*615 

4*424 

37*039 

19925*2 

4*657 

3700  • 

32*736 

4*430 

37*166 

16991*1 

4*662 

3800* 

32*854 

4*436 

37*291 

16857*6 

4*667 

3900* 

32*970 

4*442 

37*612 

17924*6 

4*672 

4000. 

33*082 

4*448 

37*530 

17992*1 

4*677 

4100* 

33*192 

4*454 

37*646 

18260*1 

4*682 

4200* 

33*300 

4*459 

37*759 

16fl28*6 

4*687 

4300  » 

33*405 

4*465 

19197*6 

4*682 

4400* 

33*507 

4*470 

37*977 

19667*1 

4*697 

4900* 

35*608 

4*475 

38*083 

20137*0 

4*782 

4600* 

33*706 

4*480 

38*186 

20607*5 

4*787 

4700  » 

33*803 

4*4(85 

38*  287 

21«78*4 

4*182 

4«00« 

33*897 

4*490 

38*^ 

2»49*9 

4*711 

4900* 

^*990 

4*484 

38*484 

22821*8 

4*722 

5000. 

34*080 

4*4(99 

38*579 

22884*2 

4*126 

5100  • 

34*170 

4*503 

38*673 

22967*1 

4*79t 

S200« 

34«257 

4*508 

38*765 

23440*5 

4*796 

5300* 

34*349 

4*512 

38*855 

29934*3 

4*741 

5400# 

34*427 

4*556 

38*944 

24988*6 

4*746 

5500* 

34*510 

4*521 

39*031 

24663*5 

4*758 

5600* 

34*592 

4*525 

39*117 

25998*7 

4«7» 

9700* 

34*672 

4*529 

39*201 

25814*5 

4*^0 

5800* 

34*751 

4*533 

39*284 

26290*7 

4*7«5 

5900* 

34*828 

4*537 

39*365 

26767*5 

4*770 

4000* 

34*905 

4*541 

39*445 

27244*6 

4*776 

273* 15 

22*278 

3*555 

25*  m 

971*1 

3*789 

298*15 

22*590 

3*574 

26*164 

1065*6 

3*885 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  HaviD€ 
the  Dimensions  Indicated  Below 

Multiply 

cal  mole"^  (or  “c"^) 

1.98726 

cal  g"^  (or  °C’^) 

0.4^4688 

joules  g"^  (or  °c"^) 

0.186975 

Btu  (lb  mole)  ^ ®R  ^ (or  ®F  ) 

1.98595 

Btu  Ib"^  “r"^  (or  “f"^) 

0.044658 

Tatle  6.  Thermodynamic  Functions  for  BeO 


T 

H°-  Hq 

H°  - Bo 

•K 

RT 

RT 

R 

R 

R 

ST). 

14.013 

3.484 

17.497 

174.2 

3.500 

75. 

15.427 

3.490 

18.916 

261.7 

3.501 

100. 

16.431 

3.493 

19.923 

349.3 

3.501 

125. 

17.210 

3.494 

20.705 

436*8 

3.501 

150. 

17.848 

3.495 

21.343 

524.3 

3.501 

175. 

18.387 

3.496 

21.883 

611.9 

3.502 

200. 

18.853 

3.497 

22.351 

699.4 

3.505 

225. 

19.265 

3.498 

22.764 

787.1 

3.510 

250. 

19.634 

3.500 

23.134 

874.9 

3*518 

275. 

19.968 

3.502 

23.470 

963.0 

3.530 

300. 

20.273 

3.505 

23.778 

1051.5 

3.547 

325. 

20.553 

3.509 

24.062 

1140.4 

3*568 

350. 

20.814 

3.514 

24.328 

1229.9 

3.593 

375. 

21.056 

3.520 

24.576 

1320.1 

3.620 

400. 

21.284 

3.527 

24.811 

1411.0 

3.650 

425. 

21.498 

3.536 

25.033 

1502.6 

3.681 

450. 

21.700 

3.545 

25.245 

1595.0 

3.714 

475. 

21.892 

3.554 

25.446 

1688.3 

3.746 

500. 

22.074 

3.565 

25.639 

1782.4 

3.779 

550. 

22.415 

3.587 

26.002 

1972.9 

3.843 

600. 

22.728 

3.611 

26.339 

2166.6 

3.903 

650. 

23.018 

3.636 

26*654 

2363.2 

3.959 

700. 

23.289 

3.661 

26.949 

2562.4 

4.010 

750. 

23.542 

3.685 

27.228 

2764.1 

4.057 

800. 

23.781 

3.710 

27.491 

2968.0 

4.098 

850. 

24.006 

3.734 

27.740 

3173.9 

4.136 

900. 

24.221 

3.757 

27.978 

3381.5 

4.170 

950. 

24.424 

3.780 

28.204 

3590.8 

4.200 

1000. 

24.619 

3.802 

28.420 

3801.5 

4.228 

1050. 

24.805 

3.822 

28.627 

4013.6 

4.253 

1100. 

24.983 

3.843 

28.826 

4226.8 

4.276 

1150. 

25.154 

3.862 

29.016 

4441.1 

4.296 

1200. 

25.319 

3.880 

29.199 

4656.4 

4.315 

1250. 

25.478 

3.898 

29.376 

4872.5 

4*332 

1300. 

25.631 

3.915 

29.546 

5089.5 

4.347 

1350. 

25.779 

3.931 

29.710 

5307.3 

4.362 

1400. 

25.922 

3.947 

29.869 

5525.7 

4.375 

1450. 

26.061 

3.962 

30.023 

5744.7 

4.387 

1500. 

26.196. 

3.976 

30.172 

5964.4 

4.399 

1550. 

26.326 

3.990 

30.316 

6184.6 

4.409 

1600, 

26.453 

4.OO3 

30.456 

64O5.3 

4.419 

1650. 

26.576 

4.016 

30.593 

6626.5 

4*428 

1700. 

26.697 

4.028 

30.725 

6848.1 

4.437 

1750, 

26.814 

4.O4O 

30.854 

7070.1 

4.445 

1800. 

26.927 

4.051 

30.979 

7292.6 

4.452 

1850. 

27.039 

4*062 

31.101 

7515.3 

4*460 

1900. 

27.147 

4.073 

31.220 

7738.5 

4*  466 

1950. 

27.253 

4.083 

31.336 

7962.0 

4.473 

2000. 

27.357 

4.093 

31.449 

8185.8 

4.479 

2050. 

27.458 

4.102 

31.560 

8409.9 

4*485 

2100. 

27.557 

4.112 

31.668 

8634.2 

4.490 

2150. 

27.654 

4.120 

31.774 

8858.9 

4.495 

2200. 

27.748 

4.129 

31.877 

9083*8 

4*501 

2Z50. 

27.841 

4.137 

31.979 

9308.9 

4.505 

2300. 

27.932 

4.145 

32.078 

9534.3 

4.510 

2350. 

28.021 

4.153 

32.175 

9759.9 

4.515 

2400. 

28.109 

4.161 

32.270 

9985.8 

4.519 

This  table  has  been  computed  for  the  ground  state  of  the  molecule,  vblch  is 
taken  as  using  the  following  molecular  constants:  Bg  = I.65IO  cm”^, 

ate  = 0.0190  cm“^,  Dg  = 8.I98  x 10"^  cm"\  <%Xe  = 11.731  cm"^> 

(Og  = 11+87.19  cm"^.  See  reverse  side  for  conversion  factors. 
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Table  6.  Oiierniodynamic  Functions  for  BeO  - Continued 


T 

-(F°-B§) 

H°-  Hg 

S° 

- Hg 

pO 

Cp 

Jv 

RT 

RT 

R 

R 

R 

2450. 

28.195 

4.  168 

32.363 

10211.8 

4.523 

2500. 

28.279 

4.  175 

32.454 

10438.1 

4.527 

2600. 

28.443 

4.189 

32.632 

10891.2 

4.535 

2700. 

28.602 

4.202 

32.803 

11345.0 

4.542 

2800. 

28.755 

4.214 

32.969 

11799.6 

4.549 

2900. 

28.903 

4.226 

33.128 

12254.8 

4.556 

3000. 

29.046 

4.237 

33.283 

12710.7 

4.562 

3100. 

29.185 

4.247 

33.433 

13167.1 

4.568 

3200. 

29.320 

4.258 

33.578 

13624.2 

4.573 

3300. 

29.451 

4.267 

33.719 

14081.8 

4.579 

3400. 

29.579 

4.276 

33.855 

14540.0 

4.584 

3500. 

29.703 

4.285 

33.988 

14998.7 

4.590 

3600. 

29.824 

4.294 

34.118 

15457.9 

4.595 

3700. 

29.942 

4.302 

34.244 

15917.6 

4.600 

3800. 

30.056 

4.310 

34.366 

16377.9 

4.604 

3900. 

30.168 

4.318 

34.486 

16838.5 

4.609 

4000. 

30.278 

4.325 

34.603 

17299.7 

4.614 

4100. 

30.385 

4.332 

34.717 

17761.3 

4.618 

4200. 

30.489 

4.339 

34.828 

18223.4 

4.623 

4300. 

30.591 

4.346 

34.937 

18685.9 

4.627 

4400. 

30.691 

4.352 

35.043 

19148.8 

4.632 

4500. 

30.789 

4.358 

35.148 

19612.2 

4.636 

4600. 

30.885 

4.364 

35.249 

20076.0 

4.640 

4700. 

30.979 

4.370 

35.349 

20540.2 

4.644 

4800. 

31.071 

4.376 

35.447 

21004.8 

4.648 

4900. 

31.161 

4.382 

35.543 

21469.9 

4.652 

5000. 

31.250 

4.387 

35.637 

21935.3 

4.657 

5100. 

31.337 

4.392 

35.729 

22401.2 

4.661 

5200. 

31.422 

4.398 

35.820 

22867.4 

4.665 

5300. 

31.506 

4.403 

35.909 

23334.1 

4.668 

5400. 

31.588 

4.408 

35.996 

23801.1 

4.672 

5500. 

31.669 

4.412 

36.082 

24268.5 

4.676 

5600. 

31.749 

4.417 

36.166 

24736.4 

4.680 

5700. 

31.827 

4.422 

36.249 

25204.6 

4.684 

5800. 

31.904 

4.426 

36.330 

25673.2 

4.688 

5900. 

31.980 

4.431 

36.411 

26142.1 

4.692 

6000. 

32.054 

4.435 

36.489 

26611.5 

4.695 

273.15 

19.944 

3.502 

23.446 

956.5 

3.529 

298.15 

20.251 

3.505 

23.756 

1044.9 

3.546 

COJJVERSION  FACTORS 


To  Convert  Tab\ilated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

cal  mole"^  (or  “c“^) 

1.98726 

cal  g”^  (or  °C"^) 

0.079^9 

jOTiles  g ^ “K  ^ (or  °C 

0.332415 

Btu  (lb  mole)"^  “r"^  (or  *f"^) 

1.98595 

Btu  Ib"^  “r"^  (or  “f"^) 

_ i 

0.079397 
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Table  7.  ’piermodynaml c Functions  for  MgF 


T 

1 

0 

1 

0 0 

H - Hb 

S° 

- Ho 

•K 

RT 

RT 

R 

R 

R 

90. 

16.660 

3.495 

20.175 

174.8 

3.501 

75. 

16.097 

3.497 

21.595 

262.5 

3.501 

100. 

19.104 

3.498 

22.602 

349.8 

5.505 

125. 

19.005 

3.501 

23.306 

437.6 

3.521 

150. 

20.523 

3.507 

24.030 

526.0 

5*554 

ITS. 

21.065 

3.517 

24.502 

615.5 

5.605 

200. 

21.535 

3.531 

25.067 

706.3 

5.664 

225. 

21.952 

3.550 

25.502 

790.7 

3.730 

250. 

22.327 

3.571 

25.890 

092.0 

3.797 

275. 

22.669 

3.595 

26.263 

900.5 

5. 041 

300. 

22.902 

3.619 

26.602 

1005.8 

3.921 

325. 

23.273 

3.645 

26.910 

1104.5 

5.976 

350. 

23.544 

3.670 

27.214 

1204.5 

4.026 

375. 

23.796 

3.695 

27.494 

1305.7 

4.071 

400. 

24.030 

3.720 

27.750 

1400.0 

4.111 

425. 

24.264 

3.744 

20.008 

1591.3 

4.147 

450. 

24.470 

3.767 

20.246 

1695.3 

4.179 

475. 

24.603 

3.790 

20.473 

1800.2 

4.200 

500. 

24.070 

3.011 

20.609 

1905.7 

4.234 

550. 

25.243 

3.852 

29.095 

2110.6 

4.279 

600. 

25.500 

3.009 

29.469 

2333.5 

4.515 

650. 

25.892 

3.923 

29.015 

2550.0 

4.345 

700. 

26.104 

3.954 

30.130 

2767.9 

4.370 

750. 

26.450 

3.983 

30.441 

2987.0 

4.392 

800. 

26.716 

4.009 

30.725 

3207.0 

4.410 

•50. 

26.960 

4.033 

30.993 

3427.9 

4.426 

900. 

27.191 

4.055 

31.246 

3649.6 

4.440 

950. 

27.411 

4.076 

31.406 

3071.9 

4.452 

1000. 

27.620 

4.095 

31.715 

4094.8 

4.465 

1050. 

27.820 

4.113 

31.933 

4510.2 

4.473 

1100. 

20.012 

4.129 

32.141 

4542.0 

4.402 

1150. 

20.196 

4.145 

32.341 

4‘»6.5 

4.490 

1200. 

28.373 

4.159 

32.532 

4991.0 

4.497 

1250. 

20.543 

4.173 

32.716 

5216.0 

4.504 

1300. 

28.707 

4.106 

32.092 

5441.4 

4.510 

1350. 

20.065 

4.190 

33.063 

5667.1 

4.  516 

1400. 

29.018 

4.209 

33.227 

5093.0 

4.522 

1450. 

29.166 

4.220 

33.306 

6U9.2 

4.527 

1500. 

29.309 

4.230 

33.539 

6545.7 

4.532 

1350. 

29.440 

4.240 

33.600 

6572.4 

4.537 

1600. 

29.503 

4.250 

33.032 

6799.4 

4.541 

1650. 

29.713 

4.259 

33.972 

7026.5 

4.546 

1700. 

29.041 

4.267 

34.108 

7255.9 

4.550 

1750. 

29.964 

4.275 

34.240 

7401.5 

6.554 

1600. 

30.085 

4.203 

34.360 

7709.3 

4.550 

It50. 

30.202 

4.290 

34.493 

7937.3 

4.561 

1900. 

30.317 

4.290 

34.615 

8165.4 

4.565 

1950. 

30.429 

4.305 

34.733 

8393.0 

4.569 

2000. 

30.530 

4.311 

34.049 

0622.5 

4.572 

2050. 

30.644 

4.310 

34.962 

0051.0 

4.575 

2100. 

30.740 

4.324 

35.072 

9079.0 

4.579 

2150. 

30.850 

4.330 

35.100 

9308.9 

4.562 

2200. 

30.950 

4.335 

35.205 

9538.0 

4.505 

2250. 

31.047 

4.341 

35.308 

9767.4 

4.508 

2300. 

31.145 

4.346 

35.409 

9996.9 

4.591 

2350. 

31.236 

4.352 

35.500 

10226.5 

4.594 

2400. 

31.320 

4.357 

35.605 

10456.5 

4.597 

Ibis  table  has 

been 

computed  for  the  groxind  state  of  the  molecule 

, which  Is 

taken  as  using  the  following  molecrilar 

constants: 

Bg  = 0.516  cm"-^. 

ag  = 0.004 

I>e  = 

1.1  X cm'l,  uifeXe 

= 3.84 

cm“^,  and 

“e  = 717.0 

cm“^. 

See  reverse  side  for 

conversion 

factors. 
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Table  7.  Thermodynamic  Functions  for  MgF  - Continued 


T -(F°-H§)  H°-Hg 

A RT  RT 


2430  • 

31.416 

4*362 

2500# 

31*906 

4*367 

2400* 

31.67« 

4*376 

2700* 

31.843 

4*385 

2t00« 

32*002 

4*393 

2900* 

32*157 

4*401 

3000* 

32*306 

4*408 

3100* 

32*451 

4*416 

3200* 

32*591 

4*423 

3300* 

32*727 

4*429 

3400. 

32*860 

4*436 

3900* 

32*988 

4*442 

3600* 

33*113 

4*448 

3700. 

33*295 

4*454 

3600« 

33*394 

4*460 

3900» 

33*470 

4*469 

40^  • 

33*963 

4*471 

4100* 

33*694 

4*476 

4200* 

33*602 

4*481 

4300* 

33*907 

4*486 

4400* 

34*010 

4*491 

4900* 

34*111 

4*495 

4400« 

34*210 

4.500 

4700* 

34*307 

4*503 

4«00« 

34*402 

4*509 

4900* 

34*495 

4*513 

5000* 

34*586 

4*518 

5100* 

34*676 

4*522 

5200* 

34*763 

4*526 

5300  • 

34*890 

4*530 

5400* 

34*934 

4*534 

5900* 

35*018 

4*538 

9400* 

39*099 

4*542 

9700. 

39*180 

4*546 

9000  • 

39*299 

4*550 

9900. 

35*337 

4*  594 

6000. 

39*413 

4*597 

273.15 

22*644 

3*593 

290.19 

22*960 

3*617 

S° 

- H§ 

pO 

Cp 

R 

R 

R 

35*780 

10686*3 

4*600 

35*873 

10916*4 

4*603 

36*053 

11377*0 

4*609 

36*227 

11838*2 

4*615 

36*395 

12299*9 

4*620 

36*557 

12762*2 

4*626 

36*714 

13225*1 

4*631 

36*866 

13688*4 

4*636 

37*014 

14152*3 

4*642 

37*157 

14616*8 

4*647 

37*295 

19081*7 

4*652 

37*430 

19547*2 

4*657 

37*562 

16013*1 

4*662 

37*689 

16479*6 

4*667 

37*814 

16946*6 

4*672 

37*939 

17414*1 

4*677 

38*054 

17682 «0 

4*682 

38*169 

18350*5 

4*687 

38*282 

18819*5 

4*692 

38*393 

19289*0 

4*697 

38*501 

19758*9 

4*702 

3%»607 

20229*4 

4*707 

38*710 

20700*3 

4*712 

38*812 

21171*7 

4*717 

38*911 

21649*6 

4*722 

39*008 

22116*0 

4*726 

39*104 

22988*9 

4*731 

39*198 

23062*3 

6*736 

39*290 

23536*1 

4*741 

39*380 

24010*4 

4*746 

39*469 

24489*3 

4*791 

39*556 

24960*5 

4*795 

39*642 

29436*3 

4*760 

39*726 

25912*6 

4*765 

39*809 

26389*3 

4*770 

39*890 

26866*9 

4*774 

39*971 

27344*2 

4*779 

26*237 

981*4 

3*856 

26*577 

1078*9 

3*917 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Jftiltiply 

cal  mole"^  °k"^  (or  °c"^) 

1.98726 

cal  g"^  (or  °C"^) 

0.04587^ 

jollies  g ^ °K  ^ (or  °C 

0.191957 

Btu  (lb  mole)'^  °r"^  (or  °f“^) 

1.98595 

Btu  Ib"^  “r"^  (or  “f"^) 

O.Ol4-58M<- 
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Table  8.  Thermodynamic  Functions  for  MgCl 


T 

-lAsg) 

H°-  Ho 

®K 

RT 

RT 

50. 

17.904 

3.498 

75« 

19.323 

3.500 

100* 

20.391 

3.308 

225. 

21.113 

3.326 

140« 

21.731 

3.994 

ITS. 

22.311 

3.386 

200. 

22.733 

3.426 

223. 

23.222 

3.663 

230. 

23.410 

3.704 

2T5. 

23.943 

3.741 

300. 

24.232 

3.776 

325. 

24.334 

3.610 

350. 

24.879 

3.841 

3TS. 

23.145 

3.870 

400. 

23.394 

3.897 

425. 

23.433 

3.923 

430. 

23.836 

3.947 

4TS. 

26.072 

3.949 

500. 

24.274 

3.990 

350. 

24.438 

4.027 

600. 

27.010 

4.061 

450. 

27.336 

4.090 

700. 

27.440 

4.116 

730. 

27.923 

4.140 

800. 

28.133 

4.142 

•30. 

28.444 

4.181 

fOO. 

28.409 

4.139 

930. 

28.9^12 

4.213 

1000. 

29.123 

4.230 

1430. 

29.336 

4.244 

1100. 

29.934 

4.257 

1I30. 

29.723 

4.269 

1200. 

23.903 

4.281 

mo. 

30.080 

4.291 

1300. 

30.240 

4.301 

1930. 

30. 411 

4.310 

1400« 

30.948 

4.319 

3430. 

30.720 

4.328 

1900. 

30.844 

4.333 

1330. 

31.009 

4.343 

1600. 

31.147 

4.330 

M30. 

31.201 

4.357 

1700. 

31.411 

4.344 

1T90. 

31.337 

4.370 

1300. 

31.441 

4.376 

1330. 

31.781 

4.382 

1300. 

31.898 

4.387 

1330. 

32.012 

4.393 

2030. 

32.123 

4.338 

2030. 

32.232 

4.403 

2100. 

32.338 

4.408 

2130. 

32.441 

4.413 

2200. 

32.943 

4.417 

2230. 

32.442 

4.422 

2300. 

32.740 

4.426 

2330. 

32.839 

4.430 

2400. 

32.928 

4.434 

H°  - Ho 

4 

R 

R 

R 

21.402 

174.9 

3.501 

22.823 

262.3 

3.512 

23.839 

350.8 

3.559 

24.642 

440.8 

3.643 

25.313 

533.1 

3.744 

25.899 

628.0 

3.844 

26.419 

725.2 

3.936 

26.887 

824.7 

4.015 

27.314 

925.9 

4.083 

27.706 

1028.7 

4.140 

28.068 

1132.9 

4.189 

28.403 

1238.1 

4.229 

28.720 

1344.3 

4.264 

29.013 

1451.3 

4.294 

29.293 

1358.9 

4.319 

29.555 

1667.2 

4.341 

29.804 

1775.9 

4.360 

30.040 

1883.2 

4.377 

30.263 

1994.8 

4.391 

30.663 

2215.0 

4.416 

31.070 

2436.3 

4.436 

31.426 

2658.3 

4.453 

31.756 

2881.3 

4.467 

32.063 

3103.2 

4.478 

32.354 

3329.3 

4.489 

32.627 

3554.0 

4.498 

32.884 

3779.1 

4.306 

33.128 

4004.6 

4.313 

33.359 

4230.4 

4.320 

33.380 

4456.5 

4.326 

33.791 

4682.9 

4.331 

33.992 

4909.6 

4.537 

34.186 

5136.6 

4.342 

34.371 

3363.8 

4.547 

34.549 

3391.3 

4.331 

34.721 

3818.9 

4.356 

34. M7 

6046.8 

4.360 

35.047 

6274.9 

4.364 

35.202 

6503.2 

4.368 

35.352 

6731.7 

4.572 

35.497 

6960.4 

4.5T5 

33.638 

7189.2 

4.579 

35.775 

7418.3 

4.583 

35.907 

7647.5 

4.586 

36.037 

7876.9 

4.590 

36.162 

8106.4 

4.593 

36.283 

8336.2 

4.596 

36.404 

8366.1 

4.600 

36.321 

8796.1 

4.603 

36.633 

9026.4 

4.606 

36.746 

9256.8 

4.609 

36.854 

9487.3 

4.613 

36.960 

9718.0 

4.616 

37.064 

9948.9 

4.619 

37.166 

10179.9 

4.622 

37.263 

10411.1 

4.623 

37.362 

10642.4 

4.628 

Ibis  table  has  been  canputed  for  the  ground  state  of  the  molecule,  which  is 

2 T 

taken  as  Z,  using  the  following  molecular  constants:  Bg  ’ = 0.245  cm"'*', 

OTe  = 0.001  cm"^,  Dg  = 0.25  x 10"^  cm"^,  = 2.05  cm"^,  and 

{Dg  = 465.4  cm“^.  See  reverse  side  for  conversion  factors. 
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Table  8.  Thermodynamic  Functions  for  MgCl  - Continued 


T 

-(F°-H§) 

H°-  Hq 

S° 

a°  - Eg 

pO 

Cp 

K 

RT 

RT 

R 

R 

R 

2450  • 

33*020 

4*438 

37.498 

10873*9 

4*691 

2900* 

33*109 

4*442 

37*951 

11109*9 

4*634 

2600* 

33*204 

4*450 

37*733 

11569*3 

4*640 

2700* 

33*452 

4.457 

37*909 

12033*6 

4*646 

2V00* 

33*6X4 

4*464 

38*078 

12498*6 

4*692 

2900* 

33*771 

4*470 

38*241 

12964*1 

4*696 

3000* 

33*922 

4*477 

38.399 

13430*2 

4*664 

31 00. 

34*069 

4*483 

38*952 

13896*9 

4*670 

3200* 

34*212 

4*489 

38*700 

14364*2 

4*676 

3300* 

34*350 

4*495 

38*844 

14832*1 

4*662 

3400* 

34«404 

4*500 

38*^ 

15300*6 

4*668 

3900* 

34*615 

4*506 

39*120 

15769*6 

4*693 

3600* 

34*742 

4*511 

39*253 

16239*3 

4*699 

3700. 

34*849 

4*516 

39*381 

16709*9 

4*705 

3800  • 

34*986 

4*521 

39*507 

17180*3 

4*711 

3900* 

39*103 

4*526 

39*629 

17691*6 

4*716 

4000* 

39*228 

4*531 

39*749 

18123*9 

4*722 

4100* 

39*330 

4*536 

39*866 

18596*0 

4*726 

4200* 

39*439 

4*540 

39*980 

19069*1 

4*734 

4300* 

39*944 

4*545 

40*091 

19542*8 

4*799 

4400* 

39*691 

4*549 

40*206 

20017*0 

4*7«» 

4900* 

39*793 

4*994 

40*307 

20491*7 

4*791 

4400* 

35*893 

4*568 

40*411 

20967*1 

4*796 

4700* 

39*951 

4*562 

40*914 

29443*0 

4*762 

468C* 

34*047 

4*967 

40*614 

21919*9 

4*766 

49 00. 

34*241 

4 •971 

40*712 

22396»6 

4*TT3 

9000* 

36*234 

4#5T9 

40*809 

22674*2 

4*TTf 

9ieo. 

36*324 

4*579 

40*903 

23392*4 

4*715 

9200 • 

36*413 

4*983 

40*994 

23631*2 

4*790 

9300* 

36*901 

4*987 

41*088 

24310*9 

4*756 

3400* 

36*587 

4*991 

41.177 

24790*4 

4*802 

3900* 

36*671 

4*979 

41*266 

25270*8 

4*807 

9400. 

36*794 

4*999 

41*352 

25751*9 

4*813 

9700* 

36*835 

4*602 

41*437 

26233*4 

4*811 

9600* 

36.719 

4*606 

41*521 

26715*6 

4*824 

9900* 

36*994 

4*610 

41*604 

27X96*3 

4*830 

4000* 

37*071 

4*614 

41*685 

27661*6 

4*896 

2T3#19 

23*940 

3*738 

27*678 

1021*1 

4*136 

290«X9 

24*269 

3*774 

28*042 

ir25*l 

4*185 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Miltiply 

By 

cal  mole  ^®K^(or“C^) 

1.98726 

cal  g"^  “k"^  (or  °C"^) 

0.055245 

joules  g”^  (or  °c”^) 

0.159095 

Btu  (Ih  mole)“^  “r”^  (or  “f"^) 

1.98595 

Btu  Ib”^  “r“^  (or  °f"^) 

0.055225 
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Table  9*  'Hiermodynamic  Functions  for  MgO 


T 

-(F°-Bg) 

H°-B§ 

S° 

H°  - Ho 

C? 

•K 

RT 

RT 

R 

R 

R 

50* 

15.773 

3.495 

19.266 

174.7 

3.501 

75. 

17.191 

3.497 

20.687 

262.3 

3.501 

100* 

18.197 

3.498 

21.695 

349.8 

3.503 

125. 

18.977 

3.500 

22.477 

437.5 

3.512 

150. 

19.616 

3.503 

23.119 

525.5 

3.535 

175. 

20.136 

3.510 

23.667 

614.3 

3.572 

200. 

20.426 

3.521 

24.147 

704.2 

3.622 

225. 

21.041 

3.535 

24.577 

795.5 

3.680 

250. 

21.415 

3.553 

24.966 

888.2 

3.741 

275. 

21.754 

3.573 

25.327 

982.5 

3.802 

300. 

22.066 

3.594 

25.660 

1078.3 

3.861 

325. 

22.355 

3.617 

25.972 

1175.5 

3.916 

350. 

22.623 

3.640 

26.264 

1274.1 

3.947 

375. 

22.873 

3.664 

26.539 

1373.9 

4.014 

400. 

23.113 

3.687 

26.799 

1474.8 

4.057 

425. 

23.337 

3.710 

27.047 

1576.7 

4.096 

450. 

23.549 

3.732 

27.282 

1679.5 

4.131 

475. 

23.752 

3.754 

27.506 

1783.2 

4.162 

500. 

23.945 

3.775 

27.720 

1887.6 

4.191 

550. 

24.307 

3.815 

28.122 

2098.4 

4.240 

400. 

24.640 

3.853 

28.493 

2311.5 

4.281 

450. 

24.950 

3.887 

28.837 

2526.4 

4.315 

700. 

25.239 

3.919 

29.158 

2743.0 

4.344 

750. 

25.511 

3.948 

29.458 

2960.6 

4.349 

800. 

25.766 

3.975 

29.741 

3179.8 

4.390 

850. 

26.008 

4.000 

30.008 

3399.7 

4.408 

900. 

26.237 

4.023 

30.260 

3620.5 

4.424 

950. 

26.455 

4.044 

30.500 

3842.0 

4.438 

1000. 

26.663 

4.064 

30.727 

4064.2 

4.450 

1050. 

26.862 

4.083 

30.945 

4287.0 

4.441 

1100. 

27.052 

4.100 

31.153 

4510.4 

4.472 

1150. 

27.235 

4.117 

31.352 

4734.2 

4.481 

1200. 

27.411 

4.132 

31.543 

4958.4 

4.489 

1250. 

27.579 

4.146 

31.726 

5183.1 

4*497 

1300. 

27.742 

4.160 

31.902 

5408.1 

4.504 

1350. 

27.900 

4.173 

32.073 

5633.5 

4.511 

1400. 

28.052 

4.185 

32.237 

5859.2 

4.517 

1450. 

28.199 

4.197 

32.395 

6085.2 

4.523 

1500. 

28.341 

4.208 

32.549 

6311.5 

4.529 

1550. 

28.479 

4.218 

32.697 

6538.1 

4.534 

1400. 

28.613 

4.228 

32.841 

6764.9 

4.539 

1450. 

28.744 

4.238 

32.981 

6992.0 

4.544 

1700. 

28.870 

4.247 

33.117 

7219.3 

4.549 

1750. 

28.993 

4.255 

33.249 

7446.6 

4.553 

1800. 

29.113 

4.264 

33.377 

7674.6 

4.557 

1850. 

29.230 

4.272 

33.502 

7902.6 

4.542 

1900. 

29.344 

4.279 

33.624 

6130.8 

4.546 

1950. 

29.456 

4.287 

33.742 

8359.1 

4.570 

2000. 

29.564 

4.294 

33.858 

8587.7 

4.573 

2050. 

29.670 

4.301 

33.971 

8816.5 

4.577 

2100. 

29.774 

4.307 

34.081 

9045.4 

4.581 

2130. 

29.876 

4.314 

34.189 

9274.5 

4.584 

2200. 

29.975 

4.320 

34.295 

9503.8 

4.588 

2250. 

30.072 

4.326 

34.398 

9733.3 

4.591 

2300. 

30.167 

4.332 

34.499 

9962.9 

4.595 

2350. 

30.260 

4.337 

34.598 

10192.8 

4.598 

2400. 

30.352 

4.343 

34.694 

10422.7 

4.601 

Ttiis  table  has  been 

ccmputed  for  the  ground  state  of 

the  molecule 

, which  is 

taken  as  using 

the  following  molecules: 

constants: 

Bg  = 0.57^5  cm"-*-. 

ttg  = 0.005  cm"^ 

, De  = 1. 

22  X 10"^ 

= 5.18 

cm"^,  and 

CDe  = 785 . 06  cm"^.  See  reverse  side  for  Conversion  factors. 
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T 
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Table  9.  Thermodynamic  Functions  for  MgO  - Continued 


RT 


Hg 

RT 


~R 


- Eg 
R 


30.441 

4.348 

34.789 

10652.9 

29  OC  • 

30.529 

4.353 

34.882 

10883.2 

4.607 

2400* 

30.700 

4.363 

39.063 

11344.2 

4.614 

2700* 

30.865 

4.373 

35.237 

11805.9 

4*620 

2800* 

31.024 

4.381 

35.406 

12268.2 

4*626 

2900. 

31.178 

4.390 

35.568 

12731.0 

4.632 

3000* 

31.327 

4^.398 

35.725 

13194. 5 

4.637 

3100* 

31.471 

4.406 

35.877 

13658.5 

4.643 

32OO0 

31.611 

4.413 

36.025 

14123.1 

4*649 

3300  0 

31.747 

4.421 

36.168 

14588.3 

4*654 

3400* 

31.879 

4*428 

36.307 

15054.0 

4*660 

3500. 

32.008 

4.434 

36.442 

15520.3 

4*665 

3600. 

32.133 

4.441 

36.974 

15987.1 

4*671 

3700. 

32.255 

4.447 

36.702 

16454.4 

4*676 

3800. 

32.373 

4.453 

36.826 

16922.3 

4*682 

3900  . 

32.489 

4.459 

36.948 

17390.7 

4*687 

4000. 

32.602 

4.465 

37.067 

17859.7 

4*69? 

4100. 

32.712 

4.471 

37.183 

18329.2 

4*69€ 

4200. 

32.820 

4.476 

37.296 

18799.2 

4.703 

4300. 

32.925 

4.481 

37.407 

19269.7 

4.708 

4400. 

33.029 

4.487 

37.519 

19740.8 

4.713 

4500. 

33.129 

4.492 

37.621 

20212.4 

4*718 

4400. 

33.228 

4.497 

37.725 

20684.5 

4.724 

4700* 

33.325 

4.502 

37.826 

21157.1 

4*729 

4800. 

33.420 

4.506 

37.926 

21630.3 

4*734 

4900. 

33.913 

4.511 

38.024 

22103.9 

4*739 

9000. 

33.604 

4.516 

38.120 

22578.1 

4.744 

9100. 

33.693 

4.520 

38.214 

23052.8 

4.  749 

9200. 

33.781 

4.525 

38.306 

23528.0 

4.755 

9300. 

33.867 

4.529 

38.396 

24003.7 

4.760 

9400. 

33.952 

4.533 

38.485 

24479.9 

4.765 

9500. 

34.035 

4.538 

38.573 

24956.7 

4.770 

9600. 

34.117 

4.542 

38.659 

25433.9 

4.775 

9700. 

34.198 

4.546 

38.743 

25911.7 

4.780 

9800. 

34.277 

4.550 

38.827 

26389.9 

4.785 

9900. 

34.354 

4.554 

38.908 

26868.7 

4.790 

6000. 

34.431 

4.558 

38.989 

27348.0 

4.795 

273.19 

21.730 

3.571 

25.301 

975.5 

3*797 

298.19 

22.044 

3.593 

25.636 

1071*2 

3*856 

CONVERSION 

FACTORS 

To  Convert  Tabiilated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  mole"^  (or  '‘C’^) 

1.98726 

cal  g"^  (or  °C"^) 

0.049287 

Joules  g”^  (or  °c’^) 

0.206218 

Btu  (Ib  mole)"^  (or  “f"^) 

1.98595 

Btu  lb‘^  (or  “P"^) 

0.049255 
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Table  10.  Hiermodynami  c Functions  .for  AIF 


T 

H°-  Bo 

S° 

H°  - Ho 

Cp 

"K 

RT 

RT 

R 

R 

R 

50» 

16.009 

3*493 

19.504 

174.7 

3.980 

73. 

17.486 

3*497 

20.923 

262.3 

3.301 

100. 

18.433 

3*498 

21.931 

349.8 

3.502 

123. 

19.213 

3*499 

22.713 

437.4 

3.310 

t30. 

19«832 

3*503 

23.354 

323.4 

3.331 

173. 

20.392 

3*509 

23.901 

614.1 

3.566 

200. 

20.861 

3*519 

24.380 

703.8 

3»613 

223. 

21.276 

3*532 

24.809 

794.8 

3.668 

230. 

21*649 

3*549 

23.198 

887.2 

3.727 

2T3. 

21.988 

3*568 

25.556 

981.2 

3.787 

300. 

22*300 

3*589 

23.888 

1076.6 

3.846 

323* 

22*388 

3.611 

26.198 

1173.4 

3.901 

330. 

22*856 

3.633 

26.489 

1271.6 

3.952 

rrs. 

23*108 

3.656 

26.764 

1371. 0 

3.999 

400. 

23*344 

3.679 

27.023 

1471.5 

4.042 

423. 

23*368 

3.701 

27*269 

1373.0 

4.081 

430. 

23*780 

3.723 

27*304 

1673.3 

4.117 

473. 

23*982 

3.745 

27*727 

1778.8 

4.148 

300. 

24*173 

3.766 

27*941 

1882.9 

4.178 

330. 

24*536 

3.806 

28*341 

2093.1 

4.228 

600. 

26*868 

3.843 

28*711 

2303.6 

4.270 

630. 

25*177 

3.877 

29*034 

2520.0 

4.905 

700. 

23*466 

3.909 

29*374 

2736.0 

4.334 

730. 

23*736 

3.938 

29*674 

2953.3 

4.959 

800. 

23*991 

3.963 

29*956 

3171.8 

4.380 

830. 

26*233 

3.990 

30*222 

3391.3 

4.399 

700. 

26*461 

4.013 

30*474 

3611.4 

4.4» 

730. 

26*679 

4.034 

30*713 

3832.7 

4.488 

1800. 

26*886 

4.034 

30*941 

4054.3 

4.442 

1030. 

27*083 

4.073 

31*138 

4376.8 

4.488 

1100. 

27*274 

4.091 

31*363 

4499.7 

4.489 

1130. 

27*457 

4.107 

31*564 

4723.1 

4.412 

1200. 

27*632 

4.122 

31*754 

4947.0 

4.481 

1230. 

27*800 

4.137 

31*937 

3171.2 

4.488 

1300. 

27*963 

4.131 

32*114 

3395.8 

4.488 

1950. 

28*120 

4.164 

32*283 

5620.7 

4.302 

1400. 

28*271 

4.176 

32*447 

5846.0 

4.308 

1430. 

28*418 

4.187 

32*603 

6071.6 

4.534 

1300. 

28*360 

4.198 

32*759 

6297.4 

4.520 

1330. 

28*698 

4*209 

32*907 

6523.6 

4.525 

1600. 

28*832 

4*219 

33*031 

6749.9 

4.350 

1630. 

28*962 

4*228 

33*190 

69T6.6 

4.539 

1700. 

29*088 

4*237 

33*326 

7203.4 

4.539 

1750. 

29*211 

4*246 

33*457 

7430.5 

4.543 

1600. 

29*331 

4*254 

33*383 

7657.7 

4.548 

1830. 

29*448 

4*262 

33*710 

7885.2 

4*352 

If  00. 

29*361 

4*270 

33*831 

8tl2.9 

4*555 

1930. 

29*672 

4.277 

33*930 

8340.7 

4«559 

2000. 

29*781 

4.284 

34*065 

8568.8 

4.563 

2030. 

29*887 

4.291 

34*178 

8T97.0 

4*566 

2100. 

29*990 

4.298 

34*288 

9025.4 

4.370 

2130. 

30*091 

4*304 

34*396 

9254.0 

4.373 

2200. 

30.190 

4*310 

34*301 

9482.7 

4.376 

2230. 

30.287 

4*316 

34*604 

9T11.6 

4.380 

2300. 

30.382 

4.322 

34*704 

9940.7 

4.589 

2930. 

30.473 

4.328 

34.803 

10169.9 

4.586 

2400. 

30.366 

4.333 

34.899 

10399.3 

4«589 

Ibis  table  has 

been 

computed  for  the  groxmc 

state  of  the  molecule,  which  is 

taken  as  using  the  following  molecular 

constants: 

Be  = 0. 

5523  cnT^, 

ore  = 0.00148 

cm"^. 

De  = 

0.97  X 10"^  cm"^,  c%xe 

= 1^.75 

cm"^,  and 

CDe  = 801.0 

cm"^. 

See  reverse  side  for 

conversion 

factors. 
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Tatle  10.  Thermodynamic  Functions  for  AIF  - Continued 


T 

-(F°-H§) 

H°-  Bg 

S° 

- Hg 

fiO 

Op 

“K 

RT 

RT 

R 

R 

R 

2450* 

30*696 

4*338 

34*994 

10628*8 

4*592 

2500* 

30*744 

4*343 

35*087 

10858*5 

4*599 

2400* 

30*914 

4*353 

35*267 

11318*3 

4*601 

2700* 

31*079 

4*362 

35*441 

11778*6 

4*606 

2t00* 

31.237 

4*371 

35*609 

12239*5 

4*612 

2900* 

31*391 

4*380 

35*771 

12701*0 

4*617 

3000* 

31*539 

4*388 

35*927 

13163*0 

4*625 

3100* 

31*683 

4*395 

36*079 

13629*6 

4*628 

3200* 

31*823 

4*403 

36*226 

14088*6 

4*639 

3300* 

31*959 

4*410 

36*368 

14552*2 

4*638 

3400* 

32*090 

4*417 

36*507 

19016*3 

4*645 

3900* 

32*219 

4*423 

36*642 

15480*9 

4*648 

3600* 

32*343 

4*429 

36*773 

15946*0 

4*695 

3700* 

32*465 

4*436 

36*900 

16411*5 

4*658 

3t00* 

32*583 

4*441 

37*025 

16877*6 

4*663 

3900* 

32*699 

4*447 

37*146 

17344*2 

4*668 

4000* 

32*811 

4*453 

37*264 

17811*3 

4*675 

4100* 

32*921 

4*458 

37*379 

18278*8 

4*676 

4200* 

33*029 

4*464 

37*492 

18746*8 

4*683 

4300* 

33*134 

4*469 

37*602 

19219*3 

4*687 

4400* 

33*237 

4*474 

37*710 

19684*3 

4*692 

4900* 

33*337 

4*479 

37*816 

20153*8 

4*6^ 

4600* 

33T436 

4*483 

37*919 

20623*7 

4*702 

4700* 

33*532 

4*488 

38*020 

21094*1 

4*706 

4600* 

33»627 

4*493 

38 •119 

21969*0 

4*7M 

4900* 

33*719 

4*497 

38*217 

22036*3 

4*718 

5000* 

33*810 

4*502 

38*312 

22908*1 

4*720 

9100* 

33*899 

4*506 

38*405 

22980*4 

4*729 

9200* 

33*987 

4*610 

38*497 

23493*1 

4^730 

9300* 

34*073 

4*514 

38*587 

239^*4 

4*794 

9400* 

34*197 

4*519 

38*676 

24400*0 

4*758 

9900* 

34*240 

4*523 

38*763 

24874*2 

4*744 

9600* 

34*322 

4*527 

38*848 

29348*8 

4*748 

9700* 

34*402 

4*530 

38*932 

29823 *8 

4*799 

9800* 

34*481 

4*534 

39*015 

26299*4 

4*758 

9900* 

34*558 

4*538 

39*097 

26779*3 

4*742 

6000* 

34*635 

4*542 

39*177 

2T29il*8 

4*767 

2T3*15 

21*964 

3*566 

25*531 

974*2 

3*785 

298*15 

22*278 

3*587 

25*869 

1069*5 

3*841 

CONVERSION  FACTORS 

To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Belov 

l&iltiply 

By 

cal  mole"^  °k"^  (or  “c"^) 

1.98726 

cal  g“^  (or  “C"^) 

0.04-5220 

joules  g ^ °K  ^ (or  °C 

0.180835 

Btu  (lb  mole)"^  "r"^  (or  °f“^) 

1.98595 

Btu  Ib'^  °r“^  (or  “f"^) 

0.04-3192 
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Table  11, 


Hiermodynaml c Functions  for  AlCl 


T 

H°-  Ho 

•K 

RT 

RT 

50* 

17*290 

9*496 

79# 

ia*709 

3*500 

100* 

19*716 

3*907 

129* 

20*900 

3*923 

tfO* 

21*149 

3*940 

179* 

21*694 

3*980 

200. 

22*174 

3*616 

229* 

22*602 

3*694 

290* 

22*999 

3*691 

279« 

23*349 

3*728 

300  • 

23*669 

3a763 

909« 

23*971 

9*796 

990* 

24*254 

3*827 

3T9* 

24*919 

3*056 

400* 

24*76« 

3*004 

429* 

29*009 

3*909 

490* 

29*229 

3*933 

479« 

29*442 

3*956 

900* 

29*649 

3*977 

990* 

26*026 

4*015 

400« 

26*377 

4*049 

490« 

26*702 

4*079 

700» 

27*004 

4*104 

790. 

27*290 

4*130 

•00* 

27*997 

4*152 

ft90« 

27*910 

4*172 

900* 

20*049 

4*191 

990* 

20*276 

4*207 

loeo* 

26*492 

4*223 

3090* 

20*696 

4*237 

noo* 

26*096 

4*290 

1990* 

29*005 

4*263 

1200* 

29*266 

4*224 

1»0* 

29*441 

4*265 

1900* 

29*609 

4*296 

»o* 

29*772 

4*305 

1400* 

29*920 

4*314 

M90* 

30*000 

4*323 

1900* 

30*227 

4*391 

1990* 

30*369 

4*339 

1400* 

30*907 

4*366 

M90* 

30*641 

4*353 

£700. 

30*771 

4*360 

1990* 

30*997 

4*367 

MOO* 

31*020 

4*573 

M90* 

31*140 

4*379 

MOO* 

31*297 

4*369 

M90* 

31*371 

4*390 

2000* 

31*402 

4*596 

2090* 

31*591 

4*401 

2200* 

31*697 

4*406 

2»0* 

31«001 

4*411 

2200* 

31*902 

4*416 

2290* 

32*001 

4*420 

2300* 

32*099 

4*429 

2960* 

32*194 

4*429 

2400* 

32*207 

4*434 

S° 

- Ho 

C? 

R 

R 

R 

20*766 

m*9 

9*901 

22*208 

262*9 

3*910 

23*223 

350*7 

3*591 

24*023 

440*3 

3«6J6 

24*693 

952*2 

3*714 

29*274 

626*9 

3*022 

25*790 

723*2 

3*919 

26*256 

822*1 

3*964 

26*600 

922*8 

4*043 

27*071 

1029*1 

4*113 

27*432 

1128*8 

4*172 

27*767 

1235*7 

4*214 

26*001 

1539*9 

4*250 

28*379 

1646*1 

4*2« 

26*652 

1955*9 

4*300 

26*914 

1661*9 

4*351 

29*162 

1770*0 

4*351 

29*590 

1679*0 

4*369 

29*622 

1960*4 

4*364 

30*041 

2208*9 

4*410 

30*426 

2429*4 

4*432 

30*762 

2091*4 

4*446 

51*112 

287%«5 

4*464 

52*420 

3097*0 

4*476 

51*710 

3321*9 

4*467 

31*902 

3546*5 

4*499 

32*239 

3771*9 

4*505 

39*463 

3997*0 

4*903 

32*715 

^22*0 

4*920 

32*939 

4449*0 

4«9aa 

33*146 

4675*9 

4*533 

39*540 

4902*2 

4*936 

33*541 

9X29*3 

4*544 

39*726 

9356*6 

4*946 

33*909 

9964*2 

4*554 

34*077 

sau*o 

4*556 

54*248 

6040*0 

4*563 

54*403 

6260*2 

4*567 

54*558 

6996*7 

4*532 

34*708 

6729*9 

4*976 

34*055 

0654*2 

4*  579 

34*994 

7103*2 

4*969 

35*131 

7412*9 

4«56T 

36*264 

7641*9 

4*590 

39*595 

7671*9 

4*964 

35*919 

8i0l*3 

4*596 

39*642 

8551*9 

4*601 

39*761 

8561*5 

4*609 

M*070 

8791*8 

4*600 

39*992 

9822*9 

4*612 

36*103 

9253*0 

4*60 

36*212 

9463*8 

4*616 

36*318 

9714*0 

4*622 

36*422 

9946*0 

4*60 

36*924 

10177*3 

4*626 

36*625 

10408*0 

4*632 

34*721 

10640*9 

4*60 

Uils  table  has  been  conqctuted  for  the  grotind  state  of  the  molecule,  viiich  is 


taken 

as  using  the  folloving  molecular 

constants: 

Bg  = 0.242  cm"^. 

II 

0 . 002  cm"\ 

Dg  = 0.24  X 10 cm"\  (i>^ 

= 1.95  cm“^,  and 

®e  = 

48l  . 3 cm“^. 

See  reverse  side  for 

conversion 

factors. 
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Table  11.  Thermodynamic  Functions  for  AlCl  - Continued 


T 

-(F°-H§) 

- Hq 

S° 

H°  - H§ 

ip 

K 

RT 

RT 

R 

R 

R 

2450. 

32.379 

4.438 

36.816 

10872.3 

4.638 

2500. 

32.468 

4.442 

36.910 

11104.3 

4.641 

2600. 

32.643 

4.  450 

37.092 

11568.8 

4.648 

2700. 

32.811 

4.457 

37.268 

12033.9 

4.654 

2800. 

32.973 

4.464 

37.437 

12499.6 

4.660 

2900. 

33.130 

4.471 

37.601 

12965.9 

4.667 

3000. 

33.281 

4.478 

37.759 

13432.9 

4.673 

3100. 

33.428 

4.484 

37.912 

13900.5 

4.679 

3200. 

33.571 

4.490 

38.061 

14368.7 

4.685 

3300. 

33.709 

4.496 

38.205 

14837.5 

4.691 

3400. 

33.843 

4.502 

38.345 

15307.0 

4.697 

3500. 

33.974 

4.508 

38.482 

15777.0 

4.704 

3600. 

34.101 

4.513 

38.614 

16247.7 

4.710 

3700. 

34.225 

4.519 

38.743 

16719.0 

4.716 

3800. 

34.345 

4.524 

36.869 

17190.9 

4.722 

3900. 

34.463 

4.529 

38.992 

17663.3 

4.728 

4000. 

34.578 

4.534 

39.112 

18136.4 

4.734 

4100. 

34.690 

4.539 

39.229 

18610.1 

4.740 

4200. 

34.799 

4.544 

39.343 

19084.4 

4.746 

4300. 

34.906 

4.549 

39.455 

19559.3 

4.752 

4400. 

35.011 

4.553 

39.564 

20034.8 

4.758 

4500. 

35.113 

4.558 

39.671 

20510.9 

4.764 

4600. 

35.213 

4.563 

39.776 

20987.6 

4.770 

4700. 

35.311 

4.567 

39.878 

21464.9 

4.776 

4800. 

35.408 

4.571 

39.979 

21942.8 

4.782 

4900. 

35.502 

4.576 

40.078 

224Z1.3 

4.788 

5000. 

35.594 

4.580 

40.175 

22900.4 

4.794 

5100. 

35.685 

4.584 

40.270 

23360;i 

4.800 

5200. 

35.7T4 

4.589 

40.363 

23860.4 

4.806 

5300. 

35.862 

4.593 

40.454 

24341.3 

4.812 

5400. 

35.948 

4.597 

40.544 

24822.7 

4.818 

5500. 

36.032 

4.601 

40.633 

25304.8 

4.824 

5600. 

36.115 

4.605 

40.720 

25787.5 

4.830 

5700. 

36.196 

4.609 

40.805 

26270.7 

4.836 

5600. 

36.277 

4.613 

40.890 

26754.6 

4.842 

5900. 

36.356 

4.617 

40.972 

27239.1 

4.848 

6000. 

36.433 

4.621 

41.054 

27724.1 

4.853 

273.15 

23.318 

3.725 

27.043 

1017.5 

4.118 

298.15 

23.645 

3.760 

27.406 

1121.1 

4.168 

CONVEESION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  mole”^  ®K  ^ (or  °C 

1.98726 

cal  (or  °C"^) 

0.031828 

joules  g”^  (or  °C 

0.135169 

Btu  (lb  rnole)"^  °r'^  (or  ‘’f“^) 

1.98595 

Btu  Ib"^  °r"^  (or  “f"^) 

0.031807 
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Table  12.  Thennodynainic  Functions  for  AlO 


T 

1 

0 

H°-Bo 

H°  - Ho 

Cp 

®K 

RT 

RT 

R 

R 

R 

30. 

16.452 

3.494 

19.946 

174.7 

3.500 

75« 

17.870 

3.496 

21.366 

262.2 

3.501 

100* 

18.876 

3.497 

22.373 

349.7 

3.501 

125. 

19.656 

3.498 

23.154 

437.3 

3.503 

150. 

20.294 

3.499 

23.793 

524.9 

3.509 

175. 

20.834 

3.502 

24.335 

612.8 

3.524 

200. 

21.301 

3.506 

24.807 

701.2 

3.549 

225. 

21.715 

3.513 

25.227 

790.3 

3.582 

250. 

22.085 

3.521 

25.607 

880.4 

3.623 

275. 

22.421 

3.533 

25.954 

971.5 

3.669 

300. 

22.729 

3.546 

26.276 

1063.9 

3.718 

325. 

23.014 

3.561 

26.575 

1157.4 

3.767 

350. 

23.278 

3.578 

26.856 

1252.2 

3.816 

375. 

23.526 

3.595 

27.121 

1348.2 

3.863 

400. 

23.758 

3.613 

27.372 

1445.3 

3.907 

425. 

23.978 

3.632 

27.610 

1543.6 

3.949 

450. 

24.186 

3.651 

27.837 

1642.8 

3.989 

475. 

24.384 

3.669 

28.053 

1743.0 

4.025 

500. 

24.573 

3.686 

28.261 

1844.0 

4.059 

550. 

24.926 

3.725 

28.650 

2048.5 

4.119 

600. 

25.251 

3.760 

29.011 

2255.8 

4.170 

650. 

25.554 

3.793 

29.347 

2465.4 

4.214 

700. 

25.836 

3.824 

29.660 

2677.1 

4.251 

750. 

26.101 

3.854 

29.955 

2890.5 

4.283 

600. 

26.350 

3.882 

. 30.232 

3105.3 

4.311 

850. 

26.587 

3.908 

30.494 

3321.5 

4.335 

900. 

26.811 

3.932 

30.743 

3538.8 

4.356 

950. 

27.024 

3.955 

30.979 

3757.1 

4.375 

1000. 

27.227 

3.976 

31.203 

3976.3 

4.391 

1050. 

27.422 

3.996 

31.418 

4196.2 

4.406 

1100. 

27.608 

4.015 

31.623 

4416.8 

4.419 

1150. 

27.787 

4.033 

31.820 

4638.1 

4.431 

1200. 

27.959 

4.050 

32.009 

4860.0 

4.442 

1250. 

28.125 

4.066 

32.190 

5082.3 

4.452 

1300. 

28.284 

4.081 

32.365 

5305.2 

4.461 

1350. 

28.439 

4.095 

32.534 

5528.4 

4.470 

1400. 

28.588 

4.109 

32.696 

5752.1 

4.477 

1450. 

28.732 

4.121 

32.854 

5976.2 

4.485 

1500. 

28.872 

4.134 

33.006 

6200.6 

4.491 

1550. 

29.008 

4.145 

33.153 

6425.3 

4.498 

1600. 

29.140 

4.156 

33.296 

6650.3 

4.504 

1650. 

29.268 

4.167 

33.435 

6875.6 

4.509 

1700. 

29.392 

4.177 

33.570 

7101.2 

4.515 

1750. 

29.514 

4.187 

33.700 

7327.1 

4.520 

1800. 

29.632 

4.196 

33.828 

7553.2 

4.524 

1»50. 

29.747 

4.205 

33.952 

7779.5 

4.529 

1900. 

29.859 

4.214 

34.073 

8006.1 

4.533 

1950. 

29.969 

4.222 

34.191 

8232.9 

4.538 

2000. 

30.076 

4.230 

34.305 

8459.9 

4.542 

2050. 

30.180 

4.238 

34.418 

8687.0 

4.546 

2100. 

30.282 

4.245 

34.527 

8914.4 

4.549 

2150. 

30.382 

4.252 

34.634 

9142.0 

4.553 

2200. 

30.480 

4.259 

34.739 

9369.7 

4.557 

2250. 

30.576 

4.266 

34.841 

9597.7 

4.560 

2300. 

30.670 

4.272 

34.942 

9825.8 

4.564 

2350. 

30.762 

4.278 

35.040 

10054.0 

4.567 

2400. 

30.852 

4.284 

35.136 

10282.5 

4.570 

This  table  has  been  computed  for  the  gro\md  state  of  the  molecxile,  vhich  is 
2 -1 
taken  as  Z,  using  the  folloving  molecxilar  constants:  Bg  = 0.64l4  cm"'*’, 

oiq  = 0.00580  cm"^,  Dg  = 1.08  X 10”^  cm"^,  = 6.97  cm“^,  and 

^•^6  = 979  • 23  cm"^.  See  reverse  side  for  conversion  factors. 
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Tatle  12.  Thermodynamic  Functions  for  AlO  - Continued 


T 

-(F°-H§) 

H°-  Eg 

- Bg 

pO 

Cp 

“K 

RT 

RT 

~R 

R 

R 

2450* 

30.940 

4.290 

35.230 

10511.1 

4.573 

2906* 

31.027 

4.294 

35.323 

10739.8 

4.576 

2400. 

31.194 

4.307 

35.502 

11197.8 

4.583 

2700  • 

31.990 

4.317 

35.675 

11656.3 

4.588 

2000* 

31.914 

4.327 

35.042 

12115.4 

4.594 

2900* 

31.440 

4.334 

34.004 

12575.1 

4.599 

3000 • 

31.019 

4.349 

36.160 

13035.3 

4.605 

noo« 

31.997 

4.354 

36.311 

13494.0 

4.610 

3200* 

32.094 

4.342 

36.497 

13957.3 

4.615 

3900* 

32.230 

4.349 

36.599 

14419.1 

4.620 

3400* 

32.341 

4.377 

36.737 

14881.4 

4.625 

3900* 

32.440 

4«344 

36.072 

15344.1 

4.630 

3000  • 

32.011 

4.391 

37.002 

19807.4 

4.635 

3700* 

32.732 

4.390 

37.129 

16271  * 1 

4.640 

30 00* 

32.449 

4.404 

37.253 

16735.3 

4.644 

9900* 

32.943 

4.410 

37.3T4 

17200.0 

4.649 

4000* 

33.079 

4.414 

37.491 

17645.1 

4.654 

4i00* 

39.M 

4.422 

37.606 

18130.7 

4.658 

4200* 

33.291 

4.420 

37.719 

18596.8 

4.663 

4300* 

33.W 

4.433 

37.820 

19063.3 

4.667 

4400* 

33.497 

4.439 

37.934 

19530.3 

4.672 

4900* 

33.99? 

4.444 

30.041 

19997.7 

4.674 

4000« 

39.M 

4.449 

30.144 

20465.5 

4.681 

4700* 

33.790 

4.494 

38.244 

20933.8 

4 . 685 

40 00* 

33»044 

4.459 

38.343 

21402.6 

4.690 

4900  • 

33*974 

4.444 

38.440 

21871.8 

4.694 

90OO« 

34.044 

4. 440 

30.535 

22341.4 

4.690 

MOO* 

34*m 

4.473 

38.420 

22011.4 

4.703 

9200  • 

34.242 

4.4?7 

30.719 

23281.9 

4.707 

9900  • 

34.30? 

4.402 

38.009 

23752.8 

4.711 

9400* 

34.431 

4.404 

30.097 

24224.2 

4.714 

9900* 

34.493 

4.490 

38.903 

24494.0 

4.720 

9600* 

34*9?4 

4.494 

39.069 

25140.2 

4.724 

9700* 

34.494 

4.490 

39.152 

25440.6 

4.729 

9000« 

34.732 

4.502 

39.234 

24113.9 

4.733 

9900  • 

34.009 

4.506 

39.315 

24507.4 

4.737 

4000. 

34.049 

4.910 

39.395 

27041.3 

4.741 

279»t9 

22.394 

3*932 

25.929 

944.7 

3.444 

29t«19 

22.707 

3.545 

24.253 

1057.0 

3.714 

CONVERSION  FACTORS 


To  Convert  Tabvilated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Miltiply 

By 

cal  mole”^  (or  ®c”^) 

1.98726 

cal  g'^  (or  “C"^) 

0. 0116257 

Joules  g“^  (or  ®c”^) 

0.195^55 

Btu  (lb  mole)”^  ®r”^  (or  °F~^) 

1.98595 

Btu  Ib"^  "r“^  (or  “f"^) 

0.0k6206 
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Table  15 . Thermodynamic  Functions  for 


T 

H°-  Ho 

S° 

H°-  Bg 

•K 

RT 

RT 

R 

R 

R 

50* 

14.560 

3.492 

18.052 

174.6 

3.501 

75. 

15.976 

3.495 

19.471 

262.1 

3.501 

100* 

16.982 

3.496 

20.478 

349.6 

3.502 

125. 

17.762 

3.498 

21.260 

437.2 

3.505 

150* 

18.400 

3.500 

21.900 

525.0 

3.516 

175  • 

18.940 

3.503 

22.443 

613.1 

3.538 

200* 

19.408 

3.510 

22.918 

702.0 

3.571 

225. 

19.822 

3.519 

23.341 

791.7 

3.614 

250. 

20.193 

3.531 

23.724 

882.7 

3.663 

275. 

20.530 

3.545 

24.076 

974.9 

3.716 

300. 

20.840 

3.562 

24.401 

1068.5 

3.771 

325. 

21.125 

3.580 

24.705 

1163.5 

3.824 

350. 

21.391 

3.599 

24.991 

1259.7 

3.876 

375. 

21.640 

3.619 

25.260 

1357.2 

3.924 

400. 

21.875 

3.640 

25.514 

1455.9 

3.970 

425. 

22.096 

3.660 

25.756 

1555.7 

4.013 

450. 

22.306 

3.681 

25.987 

1656.5 

4.052 

475. 

22.505 

3.702 

26.207 

1758.3 

4.088 

500. 

22.696 

3.722 

26.418 

1860.9 

4.122 

550. 

23.052 

3.761 

26.813 

2068.5 

4.181 

600. 

23.381 

3.798 

27.179 

2278.9 

4.231 

650. 

23.687 

3.833 

27.520 

2491.5 

4.274 

700. 

23.972 

3.866 

27.838 

2706.1 

4.310 

750. 

24.240^ 

3.897 

28.136 

2922.5 

4.342 

BOO. 

24.492 

3.925 

28.417 

3140.3 

4.369 

650. 

24.731 

3.952 

28.683 

3359.3 

4.393 

900. 

24.957 

3.977 

28.935 

3579.6 

4.415 

950. 

25.173 

4.001 

29.174 

3800.8 

4.434 

1000. 

25.379 

4.023 

29.402 

4022.9 

4.451 

1050. 

25.576 

4.044 

29.619 

4245.9 

4.467 

1100. 

25.764 

4.063 

29.827 

4469.5 

4.481 

1150. 

25.945 

4.082 

30.027 

4693.9 

4.494 

1200. 

26.119 

4.099 

30.216 

4918.9 

4.506 

1250. 

26.287 

4.116 

30.403 

5144.5 

4.517 

1300. 

26.449 

4.131 

30.580 

5370.6 

4.  527 

1350. 

26.605 

4.146 

30.751 

5597.2 

4.537 

1400. 

26.756 

4.160 

30.916 

5824.3 

4.546 

1450. 

26.902 

4.174 

31.076 

6051.8 

4.555 

1500. 

27.044 

4.187 

31.230 

6279.8 

4.563 

1550. 

27.181 

4.199 

31.380 

6508.2 

4.571 

1600. 

27.315 

4.211 

31.525 

6736.9 

4.579 

1650. 

27.445 

4.222 

31.666 

6966.1 

4.566 

1700. 

27.571 

4.233 

31.804 

7195.6 

4.593 

1750. 

27.694 

4.243 

31.937 

7425.4 

4.600 

1800. 

27.813 

4.253 

32.066 

7655.6 

4.607 

1650. 

27.930 

4.263 

32.193 

7866.1 

4»613 

1900. 

28.044 

4.272 

32.316 

8116.9 

4.620 

1950. 

28.155 

4.281 

32.436 

8948.0 

4.626 

2000. 

28.263 

4.290 

32.553 

8579.5 

4.632 

2050. 

28.369 

4.298 

32.668 

8811.2 

4.697 

2100. 

28.473 

4.306 

32.779 

9043.2 

4.643 

2150. 

28.575 

4.314 

32.889 

9275.5 

4.649 

2200. 

28.674 

4.322 

32.996 

9508. 1 

4.654 

2250. 

28.771 

4.329 

33.100 

9740.9 

4.660 

2300. 

28.866 

4.337 

33.203 

9974.1 

4.663 

2350. 

28.960 

4.344 

33.303 

10207.5 

4.670 

2400. 

29.051 

4.350 

33.402 

10441.1 

4.676 

table  has 

been  ccanputed 

for  the  ground 

state  of 

the  molecule 

, which  is 

1 as  L,  using  the  following  molecvilar 

constants: 

Bg  = 0.8901  cm‘l. 

O.OII46 

cm"^,  De  = 

5.5^  X 10“^  cm"^,  ^%Xe 

= 15.6 

cm"^,-  and 

CDe 


919*0  cm"^. 


See  reverse  side  for  conversion  feu:tors. 
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Tatle  13.  Thermodynamic  Functions  for  Fg  - Continued 


T 

-(F°-B§)  H°-Hg 

S° 

- Hg 

pO 

Cp 

“K 

RT  RT 

R 

R 

R 

2%50« 

29.141 

4.357 

33.496 

10675.0 

4.681 

2500. 

29.229 

4.364 

33*593 

10909.2 

4*686 

2600* 

29.400 

4.376 

33.777 

11878.3 

4.696 

2700. 

29.566 

4.368 

33.954 

11848*4 

4.706 

2600. 

29.726 

4.400 

34*125 

12319*5 

4.716 

2900. 

29.880 

4.411 

34.291 

12791.5 

4.725 

3000. 

30.030 

4.421 

34.451 

13264.5 

4.735 

3100. 

30.175 

4.432 

34.607 

13738.4 

4*744 

3200. 

30.316 

4.442 

34*756 

14213.3 

4.753 

3300. 

30.453 

4.451 

34*904 

14689.1 

4*762 

3400. 

30.586 

4.461 

35.046 

15165.8 

4*772 

3500. 

30.715 

4.470 

35*185 

15643.4 

4.781 

3600. 

30.841 

4.478 

3^*319 

16121*9 

4*790 

3700. 

30.964 

4.487 

35.451 

16601.3 

4*199 

3600. 

31.084 

4.495 

35.579 

17081.6 

4*807 

3900. 

31.201 

4.503 

35.704 

17562.8 

4.816 

4000. 

31.315 

4.511 

35*826 

18044.8 

4*825 

4100. 

31.426 

4*519 

35.945 

18527.8 

4*834 

4200. 

31.535 

4.527 

36.062 

19011.6 

4*843 

4300. 

31.642 

4.534 

36.176 

19696.3 

4*851 

4400. 

31.746 

4.541 

36.287 

19981.9 

4*860 

4500. 

31 .848 

4.549 

36.397 

20668.3 

4*866 

4600. 

31.948 

4.556 

36*504 

20955.6 

4*872 

4700. 

32.046 

4.563 

36.609 

21443*8 

4*866 

4600. 

32#143 

4.569 

36.712 

21932 *• 

4*895 

4900. 

32 .237 

4.576 

36.813 

22422.7 

4*903 

5000. 

32.329 

4.583 

36.912 

229134  5 

4*982 

5100. 

32.420 

4.589 

37.009 

23605.1 

4*620 

5200. 

32.509 

4.596 

37.105 

2389745 

4«9» 

5300. 

32.597 

4.602 

37.199 

26390.9 

4*996 

5400. 

32.683 

4.608 

37.291 

26685.0 

4*646 

5500. 

32.768 

4.615 

37*382 

25380*1 

4*955 

5600. 

32.851 

4.621 

37.471 

25876*0 

4*969 

5700. 

32.933 

4.  62  7 

37 .5 59 

26372.7 

4*912 

5600. 

33.013 

4.633 

37.646 

26870*3 

4*680 

5900. 

33.092 

4.639 

37*731 

27966.7 

4*686 

6000. 

33.170 

4.645 

37.815 

27868.0 

4*967 

273.15 

20.507 

3.544 

24*051 

968.1 

3*712 

298.15 

20.818 

3.560 

24.378 

1061*6 

3*767 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Bfelow 

Iifialtiply 

ESy 

cal  mole“^  °K^  (or  “c"^) 

1.98726 

cal  g“^  (or  "C’^) 

0.052296 

Joules  g"^  (or  “c"^) 

0.218808 

Btu  (lb  mole)’^  ®R  ^ (or  °F 

1.98595 

Btu  Ib"^  °r“^  (or  °f“^) 

0.052262 
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Table  l4, 


Thermodynamic  Functions  for  CI2 


T 

ttO  ttO 

H - Bio 

S° 

H°-  Bg 

•K 

RT 

RT 

R 

R 

R 

50« 

16«T94 

3*496 

20*292 

174.9 

3*500 

75. 

18.212 

3*499 

21*711 

262*4 

3*503 

100» 

19.219 

3*502 

22*721 

350*2 

3*523 

125  • 

20.001 

3*511 

23.512 

438*8 

3.571 

1$0« 

20.643 

3*527 

24.169 

529*0 

3*644 

275# 

21.188 

3.549 

24.737 

621*1 

3*727 

200. 

21.464 

3*577 

25.240 

715*4 

3*812 

22S0 

22.087 

3*607 

25.694 

811*7 

3*893 

250* 

22.468 

3*640 

26.108 

909*9 

3*965 

275  • 

22.817 

3*672 

26.489 

1009*9 

4*030 

300. 

23.138 

3*704 

26.842 

1111*3 

4*086 

323« 

23.436 

3*736 

27.171 

1214*1 

4*135 

350* 

23.713 

3*746 

27.479 

1318*0 

4*177 

375* 

2S.974 

3.794 

27*769 

1422*9 

4*214 

400* 

24.220 

3.822 

28.042 

1528*7 

4*246 

425  • 

24.452 

3*847 

28.300 

1635*2 

4*274 

450« 

24.673 

3*872 

28.545 

1742*3 

4*299 

475* 

24.883 

3*895 

28.778 

1850*1 

4*321 

500* 

25*083 

3*917 

29.000 

1958*3 

4*340 

550* 

25*459 

3*957 

29.415 

2176*2 

4*373 

600. 

25*804 

3*993 

29*797 

2395*5 

4*399 

650* 

26.125 

4*025 

30*150 

2616*0 

4*421 

700. 

24.425 

4*054 

30*478 

2837*6 

4*439 

750. 

26.705 

4*080 

30.785 

3059*9 

4*455 

800. 

26.969 

4.104 

31.073 

3283*0 

4*469 

650. 

27.219 

4*126 

31.344 

3506*8 

4*480 

900. 

27*455 

4*146 

31.601 

3731*0 

4*491 

950. 

27*480 

4*144 

31.844 

3955*8 

4*500 

1000. 

27*894 

4*281 

32.075 

4481.1 

4*509 

1050. 

28*098 

4.197 

32*295 

4406.7 

4*517 

1100. 

28*294 

4*212 

32*505 

4632*7 

4*524 

1250. 

28*481 

4*225 

32*707 

4859*1 

4*530 

1200. 

28*661 

4*238 

32*900 

5085*7 

4*537 

2250. 

28.835 

4*250 

33*085 

5312*7 

4*543 

1300. 

29.002 

4*242 

33*263 

5540*0 

4*548 

1350. 

29*143 

4*272 

33*435 

5767*5 

4*553 

1400. 

29.328 

4*282 

33*601 

5995*3 

4*566 

1450. 

29.469 

4*292 

33*761 

6223*4 

4*563 

1500. 

29.424 

4*301 

33*915 

6451*6 

4*568 

1550. 

29.755 

4*310 

34*065 

6680*2 

4*573 

1400. 

29.892 

4*318 

34.210 

6908*9 

4*577 

1450. 

30.025 

4*326 

34*351 

7137*9 

4*581 

1700. 

30.155 

4*334 

34*488 

7367*0 

4*585 

1750. 

30*280 

4*341 

34.621 

7596*4 

4*590 

1800. 

30.403 

4*348 

34.751 

7826*0 

4*594 

1950. 

30.522 

4*354 

34*876 

8055*8 

4*597 

1900. 

30.638 

4*361 

34.999 

8285*7 

4*601 

1950. 

30.752 

4*367 

35.119 

8515*9 

4*605 

2000. 

30.862 

4*373 

35*235 

8746*2 

4*609 

2050. 

30.970 

4*379 

35.349 

8976*8 

4*613 

2100. 

31.076 

4*385 

36*460 

9207*5 

4*616 

2150. 

31.179 

4*390 

35*569 

9438*4 

4*620 

2200. 

31*280 

4*395 

35.675 

9669*5 

4*623 

2250. 

31*379 

4*400 

35.779 

9900*8 

4*627 

2300. 

31*476 

4*405 

35.881 

10132*2 

4*631 

2350. 

31*570 

4*410 

35.981 

10363*8 

4*634 

2400. 

31.663 

4.415 

36*078 

10595*6 

4*637 

This  table  has  been  ccmiputed  for  the  grovmd  state  of  the  molecule,  vhich  is 
taken  as  using  the  foUoving  molecular  constants;  Bg  = 0.2ll04  cm"^, 

£Te  = 0.00166  cm‘\  De  = O.I766  x lO'^  cm"\  £%Xe  = 3-94  cm"^,  and 

CDe  = 561.0  cm"^.  See  reverse  side  for  conversion  factors. 
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Continued 


Table  l4.  Thermodynamic  Functions  for  Clg  - 


T 

-(F°-H§) 

E°-  Hg 

S° 

- H§ 

pO 

Cp 

“K 

RT 

RT 

R 

R 

R 

2450# 

31.734 

4*419 

36*174 

10827*6 

4*641 

2500. 

31.844 

4*424 

36*268 

11059*7 

4*644 

2600* 

32 •017 

4*432 

36*450 

11524*5 

4*651 

2700. 

32.185 

4*441 

36*626 

11989*9 

4*658 

2B00. 

32*347 

4*449 

36*795 

12456*0 

4*664 

2900. 

32*503 

4*456 

36*959 

12922*8 

4*671 

3000. 

32*634 

4*463 

37*117 

13390*2 

4*678 

3100. 

32*800 

4*470 

37*271 

13856*3 

4*684 

3200. 

32.942 

4*477 

37*420 

14327*0 

4.690 

3300. 

33*080 

4*484 

37*564 

14796*4 

4*697 

3400. 

33*214 

4*490 

37*704 

15266*4 

4*703 

3300. 

33*345 

4*496 

37*841 

15737*0 

4*710 

3600. 

33*471 

4*502 

37*974 

16208*3 

4*716 

3700. 

33*595 

4*508 

38*103 

16680*3 

4*722 

^00. 

33*715 

4*514 

38*229 

17152*8 

4*729 

3900. 

33*832 

4*519 

38*352 

17626*0 

4*735 

4000. 

33.947 

4*525 

38*472 

18099*8 

4*741 

4100. 

34.059 

4*530 

38*589 

18574*3 

4*748 

4200. 

34.168 

4*536 

38*703 

19049*3 

4*754 

4300. 

34.275 

4.541 

38*815 

19525.0 

4*760 

4400. 

34.379 

4*546 

38*925 

20001*4 

4*766 

4300. 

34.481 

4*551 

39*032 

20478*3 

4*773 

4600. 

34.581 

4*556 

39*137 

20955.9 

4*779 

4700. 

34.679 

4*560 

39*240 

21434*1 

4*785 

4800. 

34.775 

4*565 

39*341 

21912*9 

4*791 

4900. 

34.870 

4*570 

39*440 

22392*4 

4*798 

5000. 

34.962 

4*574 

39*537 

22872*4 

4*804 

3100. 

35*053 

4*579 

39*632 

23353*1 

4*810 

5200. 

35*142 

4*584 

39*725 

23834*4 

4*816 

5300. 

35*229 

4*588 

39*817 

24316*3 

4*822 

5400. 

35.315 

4*592 

39*907 

24798*9 

4*828 

5500. 

35.399 

4*597 

39.996 

25282*0 

4*835 

5600. 

35.482 

4.601 

40*083 

25765*8 

4*841 

5700. 

35.563 

4.605 

40*169 

26250*2 

4*847 

5600. 

35.644 

4*610 

40*253 

26735*2 

4*853 

5900. 

35*722 

4*614 

40*336 

27220*8 

4*  859 

6000. 

35.800 

4*618 

40*418 

27707*1 

4*  866 

273.15 

22.792 

3*670 

26*462 

1002*4 

4*025 

298.15 

23.115 

3*702 

26*817 

1103*8  . 

4*082 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

lifeiltiply 

cal  mole”^  (or  °c‘^) 

1.98726 

cal  g'^  (or  "C”^) 

0.02802l|- 

joules  g ^ °K  ^ (or  °C 

0.117250 

Btu  (lb  rnole)”^  “r"^  (or  °F~^) 

1.98595 

Btu  Ib"^  °r‘^  (or  “f"^) 

0.028005 
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Table  15 . naermodynamlc  Ilmctlons  for  CIF 


T 

-(F°-Hg) 

H°-  Bo 

H°-  B§ 

c| 

•K 

RT 

RT 

R 

R 

R 

30* 

16.334 

3.495 

19.829 

174.8 

9*500 

73* 

17.752 

3.497 

21.249 

262.3 

3*501 

100* 

16.756 

3.498 

22.256 

349.8 

3.503 

123* 

19.539 

3.500 

23.039 

437.5 

3.512 

150  • 

20.177 

3.304 

23.681 

525.5 

3.595 

ITS. 

20.718 

3.311 

24.228 

414.4 

9.579 

200. 

21.167 

3.321 

24.709 

704.3 

9.429 

225* 

21.603 

3.336 

25.139 

795.6 

9.681 

250* 

21.976 

3.354 

25.530 

888.4 

9.749 

275. 

22.316 

3.574 

25.889 

962.7 

9.604 

300. 

22.626 

3.595 

26.223 

1078.6 

3.843 

325. 

22.916 

3.616 

26.534 

1175.8 

9.918 

330. 

23.183 

3.641 

26.826 

1274.4 

9.970 

375. 

23.437 

3.663 

27.102 

1974.3 

4.017 

400. 

23.674 

3.688 

27.963 

1475.2 

4.059 

425. 

23.899 

3«711 

27*610 

MT7.2 

4.098 

450. 

24.112 

3.734 

27.845 

1660.1 

4*133 

475. 

24.314 

3.755 

28.069 

1783.6 

4*366 

300. 

24.307 

3.777 

28.284 

1868.3 

4.189 

330. 

24.869 

3.617 

28.686 

2099.3 

4.249 

400. 

25.203 

3.854 

29.057 

2912.5 

4.284 

450. 

25.513 

3.889 

29.401 

»27.5 

4«»i 

700. 

25.802 

3.920 

29.722 

2744.2 

4.947 

750. 

26.073 

3.950 

30.023 

2962.1 

4.971 

600. 

26.329 

3.977 

30.306 

3X81.3 

4.902 

650. 

26.571 

4.002 

30.573 

3401.3 

4*411 

900. 

26.600 

4.023 

30.825 

3622.3 

4*427 

950. 

27.019 

4.046 

31.065 

3844.0 

4*441 

lOOO. 

27.227 

4.066 

31.293 

4066.3 

4*454 

1030. 

27.426 

4.083 

31«511 

4289.3 

4.465 

1100. 

27.616 

4.103 

31.719 

4612.6 

4.475 

1150. 

27.799 

4.119 

31.916 

4736.8 

4.484 

1200. 

27.974 

4.134 

32.109 

4961.3 

4.493 

1250. 

28.143 

4.149 

32.292 

5186.1 

4.901 

1300. 

28.306 

4.163 

32.469 

5411.3 

4.506 

1350. 

28.464 

4.176 

32.639 

5636.9 

4.515 

1400. 

28.616 

4.188 

32.804 

5862.9 

4.522 

1450. 

26.763 

4.199 

32.962 

6089.1 

4.528 

1500. 

26.906 

4.210 

33.116 

6915.6 

4.533 

1550. 

29.044 

4.221 

33.265 

6642.4 

4.538 

1600. 

29.178 

4.231 

33.409 

6769.5 

4.944 

1650. 

29.308 

4.241 

33.549 

6996.9 

4.549 

1700. 

29.435 

4.230 

33.683 

7224.4 

4.554 

1750. 

29.558 

4.256 

33.817 

7452.2 

4.559 

1600. 

29.678 

4.267 

33.945 

7680.3 

4.969 

1950. 

29.795 

4.275 

34.070 

7908.5 

4.567 

1900. 

29.910 

4.283 

34.192 

8137.0 

4.572 

1950. 

30.021 

4.290 

34.311 

8965.7 

4.576 

2000. 

30.130 

4.297 

34.427 

8594.6 

4.980 

2030. 

30.236 

4.304 

34.540 

8823.6 

4.589 

2100. 

30.340 

4.311 

34.651 

9052.9 

4.587 

2150. 

30.441 

4.317 

34.756 

9282. 4 

4.581 

2200. 

30.340 

4.324 

34.664 

9512.0 

4.595 

2250. 

30.638 

4.330 

34.967 

9741.8 

4.598 

2300. 

30.733 

4.336 

35.066 

9971.8 

4.602 

2350. 

30.826 

4.341 

35.167 

10202.0 

4.605 

2400. 

30.918 

4.347 

35.264 

10432.3 

4.609 

Uiis  table  has 

been  computed  for  the  grotind  state  of 

the  molecule. 

idiich  is 

taken  as  using  the  following  molecular 

constants: 

Bg  = 0.51^12  cm"-*-. 

ttg  =0.0045272 

cm"\  De  = 

0.869  X 10'^ 

= 6. 20  cm"^,  and 

a>e  = an"^.  See  reverse  side  for  conversion  fsu:tors. 
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Table  15 . Thermodynamic  Functions  for  GIF  - Continued 


-<F°-Bg)  H^-Bg 

RT  RT 


2450* 

31.007 

4*352 

2300* 

31.095 

4*357 

2600* 

31.266 

4*367 

2700. 

31*431 

4*377 

2800. 

31.591 

4*386 

2900. 

31.745 

4.395 

3000. 

31.894 

4*403 

3100. 

32*038 

4*411 

3200. 

32*179 

4*419 

3300. 

32*315 

4*426 

3400. 

32.447 

4.433 

3500. 

32.576 

4.440 

3600. 

32.701 

4.447 

3700. 

32*823 

4.453 

3800. 

32*941 

4.459 

3900. 

33*057 

4*465 

4000. 

33*171 

4*471 

4100* 

33*281 

4*477 

4200. 

33*389 

4*483 

4300. 

33*495 

4*488 

4400. 

33.598 

4*494 

4500. 

33*699 

4*499 

4600. 

33*798 

4*504 

4700. 

33*895 

4*509 

4800. 

33*990 

4*514 

4900. 

34*083 

4*519 

5000. 

34*174 

4*523 

5100. 

34*264 

4*528 

5200. 

34*352 

4*533 

5300. 

34*438 

4*537 

5400. 

34*523 

4*542 

5500. 

34*606 

4*546 

5400. 

34*688 

4*551 

5700* 

34*769 

4*555 

5600. 

34*848 

4*559 

5900. 

34*926 

4*563 

6000. 

35*003 

4*567 

273.15 

22*292 

3*572 

298.15 

22*605 

3-594 

S° 

- Bg 

pO 

Cp 

R 

R 

R 

35*360 

10662*8 

4*612 

35*453 

10893*5 

4*615 

35*634 

11355*4 

4*622 

35*808 

11817*9 

4*628 

35*977 

12281*0 

4*634 

36*140 

12744*8 

4*641 

36*297 

13209*1 

4*647 

36*449 

13674*1 

4*653 

36*597 

14139*7 

4*659 

36*741 

14605*8 

4*665 

36*880 

15072*6 

4*670 

37*016 

15539*9 

4*676 

37*147 

16007*6 

4*682 

37*276 

16476*3 

4*688 

37*401 

16945*4 

4*693 

37*523 

17415*0 

4*699 

37*642 

17685*2 

4*705 

37*758 

18355*9 

4*710 

37*872 

18627*2 

4*716 

37*983 

19299*0 

4*721 

38*091 

19771*5 

4*727 

38*198 

20244*4 

4*732 

38*302 

20717*9 

4*738 

36*404 

21192*0 

4*743 

38*503 

21666*6 

4*749 

36*601 

22141*8 

4*754 

38*698 

22617*5 

4*760 

38*792 

23093*7 

4*765 

38*884 

23570*5 

4*771 

38.975 

24047*9 

4*776 

39*065 

24525*7 

4*782 

39.153 

25004*2 

4*767 

39.239 

25463*1 

4*792 

39.324 

25962*6 

4*798 

39*407 

26442*7 

4*803 

39*489 

26923*3 

4*608 

39*570 

27404*4 

4*814 

25*864 

975.7 

3*799 

26*199 

1071*4 

3*859 

CONVERSION  FACTORS 


To  Convert  Tabvilated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  mole”^  (or  “c”^) 

1.98726 

cal  g"^  °K^  (or  “c"^) 

0.0361t-92 

joules  g”^  (or  °C 

0.1526814- 

Btu  (lb  mole)"^  “r"^  (or  "f”^) 

1.98595 

Btu  Ib"^  °r'*^  (or  “f"^) 

0.0561468 
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Table  l6.  [Riermodynamic  Functions  for  CIO 


T 

o o 
H - Bb 

H°  - H§ 

*K 

RT 

RT 

R 

R 

R 

50. 

16.716 

3.494 

20.211 

174.7 

3.501 

75. 

18.134 

3.496 

21.630 

262.2 

3.501 

100. 

19.140 

3.498 

22.637 

349.8 

3.502 

125. 

19.920 

3.499 

23.419 

437.4 

3.507 

150. 

20.558 

3.501 

24.060 

525.2 

3.521 

175. 

21.098 

3.506 

24.604 

613.5 

3.547 

200. 

21.567 

3.513 

25.080 

702.7 

3.586 

225. 

21.981 

3.524 

25.505 

792.9 

3.633 

250. 

22.353 

3.538 

25.891 

884.4 

3.687 

275. 

22.691 

3.554 

26.245 

977.2 

3.742 

300. 

23.001 

3.572 

26.573 

1071.5 

3.798 

325. 

23.288 

3.591 

26.879 

1167.1 

3.852 

350. 

23.555 

3.612 

27.167 

1264.1 

3.904 

375. 

23.805 

3.633 

27.438 

1362.3 

3.952 

400. 

24.040 

3.654 

27.694 

1461.7 

3.997 

V25. 

24.262 

3.676 

27.938 

1562.1 

4.038 

450. 

24.473 

3.697 

28.170 

1663.6 

4.076 

475. 

24.673 

3.718 

28.391 

1765.9 

4.110 

500. 

24.864 

3.738 

28.602 

1869.0 

4.142 

550. 

25.223 

3.777 

29.000 

2077.6 

4.197 

600. 

25.553 

3.814 

29.367 

2288.6 

4.244 

650. 

25.859 

3.849 

29.708 

2501.8 

4.283 

700. 

26.146 

3.881 

30.027 

2716.8 

4.316 

750. 

26.415 

3.911 

30.326 

2933.3 

4.344 

800. 

26.668 

3.939 

30.607 

3151.2 

4.369 

850. 

26.908 

3.965 

30.873 

3370*2 

4.390 

900. 

27.135 

3.989 

31.124 

3590.2 

4.409 

950. 

27.351 

4.012 

31.363 

3811*0 

4.426 

1000. 

27.558 

4.033 

31.590 

4032.7 

4.441 

1050. 

27.755 

4.052 

31.807 

4255.1 

4.454 

1100. 

27.944 

4.071 

32.015 

4478.1 

4.466 

1150. 

28.1^5 

4.088 

32.214 

4701.7 

4.477 

1200. 

28.299 

4.105 

32.404 

4925.8 

4.487 

1250. 

28.467 

4.120 

32*588 

5150.4 

4.497 

1300. 

28.629 

4.135 

32.764 

5375.5 

4.506 

1350. 

28.786 

4.149 

32.934 

5601.0 

4.514 

1400. 

28.937 

4.162 

33.099 

5826.8 

4.521 

1450. 

29.083 

4.175 

33.257 

6053.1 

4.528 

1500. 

29.225 

4.186 

33.411 

6279.7 

4.535 

1550. 

29.362 

4.198 

33.560 

6506.6 

4.542 

1600. 

29.496 

4.209 

33.704 

6733.8 

4.548 

1650. 

29.625 

4.219 

33.844 

6961.4 

4.554 

1700. 

29.751 

4.229 

33.980 

7189.2 

4.559 

1750. 

29.874 

4.238 

34.113 

7417.3 

4.565 

1800. 

29.994 

4.248 

34.241 

7645.7 

4.570 

1850. 

30.110 

4.256 

34.366 

7874. 3 

4.575 

1900. 

30.224 

4.265 

34.489 

8103.2 

4.580 

1950. 

30.335 

4.273 

34.608 

8332.3 

4.585 

2000. 

30.443 

4.281 

34.724 

8561.6 

4.589 

2050. 

30.549 

4.288 

34.837 

8791.2 

4.594 

2100. 

30.652 

4.296 

34.946 

9021.0 

4.598 

2150. 

30.753 

4.303 

35.056 

9251.1 

4.603 

2200. 

30.852 

4.310 

35.162 

9481.3 

4.607 

2250. 

30.949 

4.316 

35.266 

9711.7 

4.611 

2300. 

31.044 

4.323 

35.367 

9942.4 

4.615 

2350. 

31.137 

4.329 

35.466 

10173.3 

4.619 

2400. 

31.228 

4.335 

35.563 

10404.3 

4.623 

This  table  has  been  computed 

for  the  ground 

state  of  the  molecule 

, which  is 

taken  as  using  the  folloving  molecular 

constants: 

Be  = 0. 

6h6  cm"^. 

tte  = 0.007 

cm“^,  Dg  = 

2.2  X 10"^  cm'^, 

= 7.5 

cm"^,  and 

ojg  = 868.0 

cm“^.  See  reverse  side  for 

conversion 

factors. 
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Table  l6. 


Thermodynamic  Functions  for  CIO  - Continued 


-(F°-Bg)  H°-  Hg 

RT  -RT 


2450. 

31.318 

4.341 

2500. 

31.406 

4*347 

2600. 

31.576 

4*358 

2700. 

31.741 

4.368 

2800. 

31.900 

4.378 

2900. 

32.054 

4*388 

3000. 

32.203 

4*397 

3100. 

32*347 

4*406 

3200. 

32.487 

4.415 

3300. 

32.623 

4*423 

3400. 

32.755 

4*431 

3500. 

32*884 

4*438 

3600. 

33*009 

4*446 

3700. 

33*131 

4*453 

3800. 

33*250 

4*460 

3900. 

33*366 

4*467 

4000. 

33.479 

4.473 

4100. 

33.589 

4*480 

4200. 

33.697 

4*486 

4300. 

33*803 

4*492 

4400. 

33*906 

4*498 

4500. 

34*007 

4*504 

4600. 

34*106 

4*510 

4700. 

34*204 

4*515 

4800. 

34.299 

4*521 

4900. 

34.392 

4.526 

5000. 

34.483 

4.532 

5100. 

34.573 

4.537 

5200. 

34.661 

4.542 

5300. 

34*748 

4*547 

5400. 

34*833 

4*552 

5500. 

34*917 

4*557 

5600. 

34*999 

4*562 

5700. 

35.080 

4.567 

5800. 

35.159 

4.572 

5900. 

35.237 

4*577 

6000. 

35*314 

4*581 

273.15 

22.667 

3*552 

298.15 

22*979 

3*570 

S° 

- Hg 

pO 

ip 

R 

R 

R 

35.659 

10635*6 

4*627 

35.752 

10867*0 

4*631 

35.934 

11330*5 

4.638 

36.109 

11794*7 

4.646 

36.278 

12259*7 

4.653 

36.442 

12725*3 

4*660 

36.600 

13191*7 

4*667 

36.753 

13658*8 

4*674 

36*902 

14126*6 

4*681 

37*046 

14595*1 

4*688 

37*186 

15064*2 

4*695 

37.322 

15534*0 

4*701 

37.455 

16004*5 

4*708 

37*584 

16475*6 

4*715 

37*709 

16947*4 

4*721 

37*832 

17419*9 

4*728 

37*952 

17892*9 

4*734 

38*069 

18366*7 

4*741 

38*183 

18841*1 

4*747 

38*295 

19316*1 

4*753 

38*404 

19791*7 

4*760 

38*511 

20268*0 

4*766 

38*616 

20745*0 

4*772 

38*719 

21222*5 

4*779 

38.820 

21700*7 

4.785 

38.918 

22179*5 

4*791 

39.015 

22659*0 

4*798 

39*110 

23139*1 

4*804 

39*204 

23629*8 

4*810 

39.295 

24101*1 

4*816 

39.385 

24583*0 

4*823 

39*474 

25065*6 

4*829 

39.561 

25548*8 

4*835 

39*647 

26032*6 

4*841 

39.731 

26517*0 

4*847 

39*814 

27002^1 

4*854 

39*895 

27487*7 

4*860 

26*220 

970*3 

3*738 

26*549 

1064*5 

3*794 

CONVERSION  FACTORS 


To  Convert  Tabulated  Values  to  Quantities  Having 
the  Dimensions  Indicated  Below 

Multiply 

By 

cal  mole"^  (or  °c“^) 

1.98726 

cal  g’^  (or  °C"^) 

0.038620 

joxiles  g ^ “K  ^ (or  °C 

0.161585 

Btu  (lb  mole)"^  (or  °f"^) 

1.98595 

Btu  lb‘^  ‘’r"^  (or  °f"^) 

0.03859^ 
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APFERDIX  H 


HEAT  OF  FUSION  OF  ALUMINUM  OKIDE 


The  heat  of  fusion^  vas  calculated  from  curves  of  Jfci  N vs. 

1/T,  'vdiere  N is  the  mole  fraction  of  the  desired  constituent  and  T is 
in  degrees  Kelvin.  Bie  data  for  these  curves  was  obtained  from  avail- 
able phase  diagrams  of  aluminum  oxide  plus  the  oxides  listed  below. 

Many  altnni na  systems  were  not  suitable,  principally,  if  no  pure  Al20^ 
crystallized  out.  In  cases  -vdiere  the  data  of  £n  vs.  1/t  deviated  from 
a straight  line,  the  best  curve  was  employed. 

Bie  systems  identified  with  (*)  in  the  table  below  gave  data  -vdiich 
indicated  non-ideal  systems.  For  Al20^  - Tj^^02^  using  the  1952  data  [1], 
a of  lf5»00  kcal/mole  was  obtained  if  the  curve  included  the  given 

melting  point  of  2015°  Cj  the  best  straight  line  gave  3^*70  kcal/mole 
8uid  an  extrapolated  melting  point  of  2037° C.  On  the  basis  of  the 
systems  that  showed  most  ideal  behavior,  the  heat  of  fusion  of  alumina 
should  be  between  23.0  and  27.0  kcal/mole.  However,  from  these  systems 
the  melting  point  of  alumina  is  still  uncertain  since  this  value  is  an 
extrapolated  point  on  the  curves.  An  accurate  value  of  the  alumina 
melting  point  is  still  desired. 

The  system  **  indicated  that  impure  Al20^  is  the  likely  constituent 
that  crystallizes  out. 
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Calculated  Values  for  the  Heat  of  Fusion  of 


Op 

AH^,  Kcal/mole 

System 

Reference 

2015° 

45.00  - 34.70 

^Al^Oj  - TiOg 

[1] 

2015° 

17.65 

*Al20^  - BeO 

12] 

20lf2® 

8.60 

**AloO^  - BaO 
2 3 

[5] 

20kT 

27.20 

^2^  " ^1^2 

W 

2050° 

25.35 

Al^O,  - PeO 

[5] 

2050° 

23.55 

AloO,  - mo 
2 3 

[6] 

2030° 
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